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INTRODUCTION 
On June 1, 1962, the Illinois State Water Survey entered into 
a 12-month contract with the Atomic Energy Commission. Under this 
contract, research was conducted on the rainout of radioactivity, 
with particular emphasis upon its variability in space and time 
and its relationship to precipitation characteristics. During 
Spring 1963, the State Water Survey cooperated with the AEC, U. S. 
Weather Bureau, Pennsylvania State University, and other interested 
groups in a detailed field program aimed toward determining the 
conditions under which radioactive debris is transferred from the 
stratosphere to the troposphere and then to the surface. This 
program was carried out under the supervision of Professor Edwin 
Danielson of Penn State. A supplement of $16,000 to the existing 
contract was granted by AEC to enable Water Survey participation 
in this program. 
The contract with AEC was extended for another 12 months on 
June 1, 1963 through negotiation of a supplemental agreement to 
Contract No. AT(11-1)-1199. Under this supplemental agreement, 
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research is being performed: to determine the time distribution 
of radioactivity in storms on an areal basis; to establish rela-
tions between radioactive rainout and various rainfall factors; 
to ascertain characteristics of the radioactive rainout as re-
vealed by radar observations and analyses; to evaluate the effects 
of cloud type and drop-size distribution of raindrops on rainout; 
and, to develop a technique for aircraft sampling of rainwater 
below cloud bases. 
Since the last progress report (Huff, 1963), analyses have 
been concentrated on determination of the characteristics of the 
time and space distribution of radioactivity in convective storms,  
and the relationship of the radioactivity distribution to the 
rainfall rate profile through storms. Analyses of the 1962 stron-
tium data have been completed. The 1962 study of the spatial 
variability of radioactive rainout on two small networks of 10 
and 12 square miles has been extended to evaluate the magnitude 
of the spatial variability on a 400 square mile area. Further 
evaluation has been made of the relationship of the concentration 
and deposition of radioactivity in storms to storm rainfall vol-
ume, duration, and intensity, in continuance of the 1962 study. 
Preliminary analysis of a small amount of 1963 strontium 
data has been completed. A considerable amount of radar data has 
been collected in conjunction with 1963 storms, and correlation 
of these data with the radioactive rainout is underway. This 
progress report is devoted to discussion of the analyses listed 
above, description of the 1963 data collection program, and 
equipment development and modification. Analysis results are 
based primarily upon gross beta data, since only 85 of the 400 
rainwater samples forwarded to Isotopes, Inc., during 1963 for 
isotope analyses had been returned when this report was started. 
Analyses of these data will be presented in a future research 
report. 
DATA COLLECTION PROGRAM 
Rainwater Sampling Networks 
During 1963, rainwater samples were collected on the networks 
shown in Figure 1. The outer border in Figure 1 encompasses the 
network operated during April and May in conjunction with Project 
Springfield under Professor Danielson's direction. The network 
consisted of 16 automatic time samplers within an area of approxi-
mately 6000 square miles in central Illinois. These time samplers, 
described in the last progress report, were capable of obtaining 
1 to 12 samples in a storm without human attention. Also at each 
of these sampler stations were a recording raingage to provide data 
FIG. 1 1963 RAINWATER COLLECTOR NETWORKS IN CENTRAL ILLINOIS 
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on the volume, durat ion, and i n t ens i t y of r a i n f a l l , and a t o t a l 
storm sampler (baby bathtub) described in the previous progress 
report. 
During June and July, the outer r ing of time samplers was r e -
moved, and the network reduced to approximately 3000 square miles 
as indicated in Figure 1. This was done to f a c i l i t a t e servicing 
and to increase the time sampler density on the East Central 
I l l i n o i s network of 400 square miles (inner area, Fig. 1). The 
outer r i ng of time samplers was used to ac t iva te s ta t ions Q, R, S, 
and T in Figure l. Stat ion K on the East Central I l l i n o i s network 
remained from the Project Springfield network. During August, 
only the f ive time samplers on the East Central I l l i n o i s network 
were operated. In addi t ion, nine t o t a l storm samplers were 
operated throughout the spring and summer on the 400 square mile 
network, as shown by the open c i r c l e s in Figure l. 
Each of the time samplers was located at the residence of a 
cooperative observer who was paid to service the sampler. The 
observers were a ler ted by the project meteorologist several hours 
p r i o r to ant ic ipated r a i n f a l l so t h a t the samplers could be washed 
and checked for operation. At the end of each storm, the coopera-
t i ve observer removed the sample b o t t l e s , labeled them, and stored 
them for co l l ec t ion . Water Survey technicians v i s i t e d the time 
sampler network once each week to service the recording raingages, 
check on the time sampler operat ions , and col lec t the rainwater 
samples. 
In addit ion to the sampling networks described above, five 
t o t a l storm samplers were operated wi thin an area of 100 square 
miles in the center of the Water Survey's L i t t l e Egypt raingage 
network in southern I l l i n o i s (Fig. 2). This raingage network 
encompasses 550 square miles and is located approximately 150 
miles south of the Central I l l i n o i s network in Figure 1. 
Radar Observations 
Radar storm observations were made primari ly with the TPS-10 
and the CPS-9. The CPS-9 has the capabi l i ty for both hor izonta l 
and v e r t i c a l scanning of storms, and the TPS-10 is a range-height-
indica tor for observing the v e r t i c a l d i s t r i b u t i o n of clouds. The 
tracking por t ion of an M-33, 3-cm radar was used occasionally to 
obtain v e r t i c a l prof i les in storms moving over the radar s t a t i o n . 
Most of the data on the v e r t i c a l s t ruc ture of storms was obtained 
with the TPS-10 during 1963. The CPS-9 was used largely for de-
termining the areal extent , movement, and r e l a t i v e in t ens i ty of 
the storm echoes. 
FIG. 2 LITTLE EGYPT NETWORK 
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Time Sampler Development and Modification 
The automatic time sampler, described in the last progress 
report, was briefly field tested during early spring 1963. With 
the activation of Project Springfield in April, 16 of these time 
samplers were quickly constructed and installed in the field by 
April l5. Although it was necessary to construct and install the  
time samplers without completion of the field testing, the opera-
tion was quite successful for an initial model, and a relatively 
large amount of data was collected during the spring and summer. 
The samplers were capable of collecting 1 to 12 samples in a storm 
without human attention. Each sample bottle normally contained 
0.04 to 0.06 inch of rainfall, although this amount varied some-
what depending upon wind conditions. 
However, two modifications of the initial model have been made 
since the closing of field operations in early September. A new 
method of holding the bottles on the sampler has been designed, 
constructed, and field tested. Tests have been successful and the 
modification is being made to all 16 time samplers in preparation 
for opening of the rainwater network in March 1964. 
The modification of the bottle support method is illustrated 
in Figure 3. On the original model, the neck of the sampling 
bottle extended through the support flange and was held in place 
by the bottle cap which was drilled to allow water to pass into 
the sampling bottle. The major disadvantages of this method were: 
(1) the neck of the sampling bottle was sufficiently flexible that, 
when a sudden force was applied during rotation, the bottles fre-
quently dropped off, and (2) the bottles could move in the support 
flange because of the minimum thickness of the flange, and the 
resulting misalignment could cause a portion of the sample to 
be lost. 
On the modified model, the bottle neck is slid onto a guide 
tube and is held rigid by a steel yoke down the sides and under 
the bottle. This eliminates dropping of the bottles from rota-
tional forces. There are also no problems due to misalignment 
because the rainwater sample passes through the guide tube and 
deep into the sample bottle neck. 
A timing mechanism has been designed and tested and will be 
incorporated into the time sampler assembly before 1964 field 
operations are begun. During 1963, the starting and ending time 
of each time sample had to be determined from the recording rain-
gage at the sampler station. When a complete set of samples was 
not obtained because of jamming of the sampler rotator, or when 
the 12 sample bottles were filled before a storm period ended, it 
was difficult to evaluate the starting and ending time for each 
time sample. 
FIG. 3 BOTTLE SUPPORT METHOD. 
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The timer operates as follows. A pen arm which is set to run 
on the zero line of the recording chart, and a 6 v.d.c. relay coil 
are attached to a recording raingage. A micro switch, set to trip 
as each bottle passes on after being filled, is mounted on each 
time sampler. As this switch is tripped it closes the circuit to 
the relay coil which activates the pen arm to produce an event 
mark on the recording raingage chart. 
Mobile Rainwater Collectors 
Pour precipitation collectors were constructed of black sheet 
iron in the form of rectangles 48 inches wide, 60 inches long, and 
6 inches deep. These tanks were coated with black polyethylene 
plastic on the interior and black rust-inhibiting paint on the 
outside. The tanks were placed in commercial car top carrier racks 
and adjusted with suitable wooden supports to cause the collected 
precipitation to drain to the corner above the driver. The normal 
operating procedure was for the driver to be directed to the de-
sired collection point by radio communication with the radar opera-
tor. The driver would collect the precipitation in polyethylene 
bottles by means of flexible tubing from the tank, and determine 
the collection duration for each bottle with a stop watch. 
The purpose of the car top collectors was to enable the col-
lection of precipitation at desirable points other than where the 
permanent automatic collectors were located. It was further de-
sired to have two car top collectors under the same storm, spaced 
so that one car would collect water at the center of the storm 
while the other was collecting water near the edge. This purpose 
is best served in the case of air mass type thundershowers. 
The collection of rainwater was tried on one day in 1963. 
Two cars were used, but poor results were obtained because of 
inexperience of the observers and dissipation of the storm as it 
moved into the area of interest. Air mass thundershowers occurred 
on only one other day (July 1) in east-central Illinois during 
the time the car samplers were in operation, and these showers 
were at the operating limit of the mobile communications so that 
collection was not attempted. 
The collection of rainwater through the use of mobile col-
lectors is still a desirable procedure. The purchase of newer 
type radio equipment promises to improve communication with the  
mobile collectors. Essentially the same type of data collection 
is desirable; however, because of the low frequency of air mass 
thundershowers, the probability of more than two or three cases 
per season is not great. 
In addition, the mobile collectors may be used as supple-
mentary collectors between the permanently fixed collectors on 
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the time sampler network. This would be desirable in those 
situations where an all-out effort toward collection of pre-
cipitation is made. 
Aircraft Sampler 
One of the studies underway is the development of a tech-
nique for the airborne collection of rainwater below cloud bases. 
There has been considerable question as to the amount of radio-
active debris that is scrubbed from the atmosphere between the 
cloud base and the ground. If samples of water could be collected 
at cloud bases along with simultaneous collections at the ground 
level, it might be possible to ascertain the scrubbing influences. 
An air-water scoop that can be placed in the window next to 
the co-pilot of a Twin Beech aircraft is used for the water col-
lection. The scoop is a half of a hemisphere with an opening of 
115 square centimeters. The scoop decreases in size so that the 
intake into the aircraft is 46 square centimeters. Assuming 
collection efficiency of 100 percent at an aircraft speed of 
50 m/s water would be collected as follows: 
Rain Rate Water Collected 
(mm/hr) (cc/min.) Time (min.) to collect 0.l Liter 
10 16 6 
25 39 2.5 
100          146                         0.7 
The water and air flow into the aircraft through a 3-inch 
plastic tube into a centrifuge where the air and water are sepa-
rated. The housing for the centrifuge is a large polyethylene 
tank in which the air and water circulate around the center 
cylinder. Air is exhausted through this center cylinder. Some 
back pressure has been experienced in the collector and centri-
fuge which must be eliminated before more water samples are 
collected. 
Considerable difficulty has been experienced in scheduling 
flights on days of stable precipitation. Plights are not attempted 
on days with thunderstorm activity because of the flight hazards. 
Flights were made on three days with light rainfall in 1963. Un-
fortunately, the rainfall decreased in intensity or was too light 
to obtain samples of sufficient quantity for analysis. Drought 
conditions during late summer and fall handicapped the data col-
lection. Efforts will be made to continue the program in 1964. 
-12-
Surface Air Sampler 
A ground-based air sampler, ANL No, 125972, was provided by 
the Argonne National Laboratory for the collection of surface air 
samples. Between April 23 and August 6, 17 filters were exposed. 
Appreciable differences in the concentration of radioactivity in 
the air was observed on several storm days. For example, on 
June 10 an increase in concentration of 60 percent occurred after 
the passage of two squall lines at the sampling site. Further 
analyses will be performed to evaluate this data in conjunction 
with storm case studies. 
GIGI Flights 
In conjunction with Project Springfield, observations were 
made of gamma radiation profiles in the atmosphere. Arrangements 
were made with personnel at Chanute Field Weather School to re-
lease balloons with a GIGI attached. The GIGI instruments were 
provided by Argonne National Laboratories. The Water Survey pro-
vided one or two people to direct the flight and to assist in the 
balloon release. Data were received by the Survey and forwarded 
to Argonne National Laboratories for processing. 
In order to recover the GIGI instruments, the Illinois and 
Indiana State Police, the Air Force tracking radar unit at 
Rockville, Indiana and the University of Illinois Security 
Department were enlisted to either track or recover the instru-
ments. On occasion news releases were telephoned to radio or 
television stations near the descent point of the balloon to 
advise the public to look for the instrument. In most cases 
the instrument was recovered within 24 hours. All nine instru-
ments were found and returned to Argonne National Laboratory for 
refurbishing. 
Balloon launchings were made on two days in April, five days 
in May, and two days in June. Appreciable variations in the ver-
tical profile of gamma radiation were observed on most of the 
flights, but the significance of the observed changes has not been 
determined at this time. Further analyses of the gamma data are 
planned, and the data will be made available to other investiga-
tors associated with Project Springfield. 
Sampling Program 
Under the AEC contract, provision was made for radiochemical 
analyses of 400 rainwater samples for strontium-89 and strontium-90.  
These analyses are being made by Isotopes, Inc., of Westwood, New 
Jersey, as a subcontractor. Gross beta analyses have been made at 
facilities of the State Water Survey. 
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At the time that preparation of this report was undertaken, 
radiochemical analyses had been completed on only 85 of the 400 
rainwater samples submitted to Isotopes, Inc. These 85 samples 
were collected during April in conjunction with Project Springfield. 
Dr. Friend of Isotopes, Inc., has undertaken some radiochemical 
analyses in addition to the subcontract requirements. In some 
storms, through mutual agreement, he is providing radiochemical 
analyses of Ce-144, Zr-95, and Mn-54, either as a substitute or an 
addition to the standard strontium analyses. 
Table 1 shows a tabulation by storm date of the number of 
time samples and total storm samples for which gross beta and 
strontium analyses have been or are being made in 1963. The num-
ber of stations involved in the time sample collections is shown 
also. Thus, 815 time samples from 115 stations and 214 total 
storm samples, or an over-all total of 1029 samples, were analysed 
for gross beta in 1963. Additional total storm analyses were ob-
tained when time samples spanned a complete storm so that the 
average of the individual samples provided a total storm measure-
ment. The samples listed in Table 1 were selected for the analyses 
from approximately 2800 samples obtained from the time samplers and 
total storm samplers during 1963 field operations. 
DATA PROCESSING STATUS 
A number of factors entered into the selection of storm rain-
water samples for radiochemical analyses. A major factor was the 
completeness of the observational data during a given storm, which 
was dependent upon operations of the radars, raingages, and auto-
matic time samplers. As indicated earlier, a portion of the data 
was unsuitable for certain detailed analyses because of incomplete 
sampling throughout a storm period caused by equipment problems or 
storms too heavy to be completely sampled with the 12-bottle time 
sampler. Efforts were made to include (1) storms of varying rain 
type and synoptic type, and (2) storms distributed throughout the 
spring and summer seasons. Selections were made to include rain-
storms of varying duration, intensity, and volume, and storms with 
various degrees of vertical development as indicated by radar mea-
surements. The data in Table 1 provided the best combination of 
all these factors among the storms sampled in 1963, although these 
data are not completely satisfactory in all respects. 
Because of limitation of the number of strontium analyses to 
400, selections were more restrictive than in the selections for 
beta analyses. Strontium analyses were limited to those storms 
sampled in conjunction with Project Springfield and to storms in 
which adequate radar data were obtained with both RHI and PPI 
TABLE 1 
NUMBER OF GROSS BETA AND STRONTIUM SAMPLES ANALYSED IN 1963 
Gross Beta Analyses Strontium Analyses 
Time Samplers Time Samplers 
Number of Number of 
Storm Number of Number of Total Storm Number of Number of Total Storm 
Date Stations 
1 
Samples 
14 
Samples Stations Samples Samples 
3/4 
3/5 1 6 
3/8 1 4 
3/18 1 9 
3/25-26 1 4 6 
3/11 1 4 
3/30-31 1 8 1 
3/16 5 
4/16-17 10 21 4 5 14 9 
4/19 3 12 7 5 18 9 
4/22 2 11 13 7 30 5 
4/29 5 30 
4/30 4 14 1 
5A 5 21 1 6 27 
5/12 1 8 
5/16 1 6 
5/27-28 2 20 29 
6/7 1 4 
6/10 13 56 13 63 6 
6/13 2 14 9 11 62 
6/19 2 14 4 9 42 6 
7/1 5 14 13 7 38 8 
7/6 8 14 20 
7/13 7 103 24 1 32 19 
7/19-20 4 42 18 12: 
7/31 5 51 14 
8/6 5 45 5 
8/8 5 44 7 
8/12 5 30 3 
8/19 3 43 7 
8/28 6 46 11 
9/2 4 23 12 
Total 115 815 214 64 326 74 
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radar. Eight storms were sampled during the spring and summer 
1963 in which both RHI and PPI data were considered adequate for 
detailed analyses of the horizontal and vertical structure of 
storms. Mechanical problems with the TPS-10(RHI) set were pri-
marily responsible for this limited number. Partial to complete 
coverage of all storms from April to September listed in Table 1 
was achieved with the CPS-9 radar. 
In processing of the storm data, radar echo maps have been 
plotted at intervals of 5 minutes to 30 minutes in each storm, 
depending upon storm characteristics and operational procedures 
during the storm. Copying of the necessary data from the radar 
film has proven to be a major task. Maps have been drawn for 
both the PPI and RHI presentations, whenever available. From 
these maps, the areal extent, movement, and vertical structure of 
storm echoes were determined as they moved across the rainwater 
sampling network. Maps have been completed for 20 storms which 
include 8 storms under observation by both the TPS-10 and CPS-9 
radars, and 12 others in which CPS-9 coverage was achieved. In 
part of these 12 storms with CPS-9 coverage, the set was periodic-
ally operated on an antenna tilt program, so that some information 
on cloud tops is available for these storms also. At the present 
time, the radar data are being used in conjunction with data from 
radiochemical analyses and meteorological data in mesoscale case 
studies of the storms. 
With the assistance of the Water Survey's Statistical Unit, 
a program was devised for the IBM-7090 computer to facilitate the 
analyses of radar-indicated cloud tops over the rainwater sampling 
network of 6000 square miles. Through use of this program, machine 
plotting of maps of cloud tops can be achieved at 1-mile intervals 
from cloud top data taken from the TPS-10 radar film. 
An example of an analysed map from the storm of June 10 is 
shown in Figure 4. The isolines connect points of equivalent 
cloud tops. The echo top contours are drawn only for echoes ex-
tending above 10,000 feet. The CPS-9 echo outline at the same 
time is shown also in Figure 4, along with the location of the 
rainwater samplers. The CPS-9 echo is an integration of the pre-
cipitating cloud mass in the lower several thousand feet of the 
atmosphere, and should not, therefore, have the same areal extent 
as the radar indicated cloud tops. Figure 4 illustrates well the 
spreading out of the cloud system aloft over a convective storm 
system, particularly in the direction of movement. In this case, 
the echoes are part of a pre-frontal squall line moving from the 
WNW. Mapped data such as shown in Figure 4 are useful in numerous 
aspects of radioactivity studies, but are particularly applicable 
in efforts to ascertain relations between cloud height and radio-
active rainout on the network. 
Gross beta analyses have been completed for all 1029 samples 
listed in Table 1, and various statistical analyses of the data 
FIG. 4 RADAR PRESENTATION AT 1502 CST ON JUNE 10, 1963. 
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completed. Results of these analyses are discussed in a later 
section of this report. Also, various rainfall analyses made in 
conjunction with the radioactivity studies have been completed. 
In fact, all tabulation and routine analyses have been completed 
on the 1963 data, except for those which must await completion of 
the strontium analyses. The major tasks to be completed are the 
mesoscale case studies of 1963 storms and statistical analyses of 
the 1963 strontium data. 
BETA DISTRIBUTION CHARACTERISTICS 
An investigation was made of the distribution characteristics 
of beta concentrations during 1963 storms through use of data from 
the automatic time samplers. Analyses were made of the variation 
of beta concentration with (1) the rainfall volume distribution 
and (2) the rainfall time distribution in storms. The beta dis-
tribution patterns were then correlated with four rainfall factors; 
these include total storm rainfall, rainfall duration, rainfall 
rate, and rain type. Efforts were made also to relate the dis-
tribution patterns of beta concentration to several types of 
synoptic storms. 
Method of Analyses 
Analyses have been restricted to those storms in which at 
least four rainwater samples were obtained to define the distri-
bution pattern of beta concentration. Furthermore, it has been 
necessary to limit the analyses to storms in which samples were 
obtained throughout the life of a storm. This requirement elimi-
nated a considerable portion of the 1963 storm data from the 
analyses because of incomplete sampling that resulted from opera-
tional problems with the time samplers, discussed in a preceding 
section, and from heavy storms in which the 12 sample bottles 
were not sufficient to sample completely from the beginning to 
the end of the rainfall period. However, despite the restrictions, 
87 cases from 29 storms were available from 1963 field operations 
for the study. 
A normalizing procedure was employed in the construction of 
beta distribution curves for the 1963 storms to permit correla-
tions between stations within a particular storm and from one 
storm to another. In this procedure, the beta concentration in 
each sample collected at a sampling station within a particular 
storm was expressed as a ratio to the average beta concentration 
for the storm. These ratios were then plotted against (1) cumu-
lative percent of storm rainfall, (rain volume) and (2) cumula-
tive percent of storm duration, as shown in the examples of 
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Figure 5 for a squall line passage on June 10 at station R. These 
curves provide a measure of the beta concentration variation with 
the time and volume distributions of rainfall. Discussion will be 
restricted to the volume distributions in this progress report, 
since similar conclusions were reached from both types of analyses. 
Also, distribution curves of rainfall rate were constructed 
for each of the 87 cases through use of the normalizing method 
used with the beta distributions. In the construction of these 
curves, the ratio of the sample rainfall rate to the average 
rainfall rate for the entire storm was plotted against cumulative 
percent of storm rainfall, as illustrated in Figure 5c. The sam-
ple rainfall rate corresponds to the average rate during the col-
lection of a beta sample. These rainfall rate curves provide a 
means for determining whether progressive changes in beta con-
centration within a storm are related to corresponding changes in 
rainfall rate, and whether particular types of beta distribution 
patterns are related to particular types of rainfall rate dis-
tribution patterns,. 
Use of the distribution curves in this study is illustrated 
in Figure 5. Thus, Figure 5 shows that the rainfall rate in-
creased rapidly as the squall line reached Station R and peaked 
at a rate of approximately 2.35 in./hr. at the time that approxi-
mately 50 percent of the rain had occurred. However, other cal-
culations show that this peak occurred early in the storm period 
when only approximately 9 percent of the total storm time had 
ensued. The rate decreased rapidly and only light rain fell in 
the last 20-25 percent of the storm period. Figure 5a shows that 
the beta concentration decreased rapidly from its major peak at 
the start of the storm to a minimum when approximately 70 percent 
of the rain had occurred. At that time, 20 percent of the storm 
period had passed. A secondary peak occurred at the rear of the 
storm system in light rain from the stratified cloud deck behind 
a line of thunderstorms. The rainfall rate curve indicated the 
line consisted of one major burst at station R, and Figures 5a 
and 5b show a pronounced minimum in the beta concentration. cor-
responding to this rainfall rate peak. The beta minimum lags the 
rainfall rate peak, and occurs about 20 percent (0.05") later with 
respect to rainfall volume. 
As indicated earlier, there were 87 cases available for 
analyses from the 1963 field operations. Over 90 percent of these 
cases involved convective rainfall. Distribution curves were de-
termined for each case from plots of cumulative percent of" total 
storm rainfall against beta concentration ratio. From these 
curves, values were tabulated at intervals of 5 to 10 percent of 
the cumulative percent of storm rainfall, as illustrated for the 
storm of June 10 in Table 2. The curves were also classified by 
total storm rainfall, rain duration, average rainfall rate, rain 
type, synoptic type, and shape of the beta distribution curve or 
FIG.5 EXAMPLES OF DISTRIBUTION CURVES AT STATION R IN STORM OF 
JUNE 10, 1963 
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TABLE 2 
BETA CONCENTRATION - RAINFALL VOLUME DISTRIBUTION 
SUMMARY ON JUNE 10, 1963 
S t a t i o n 
T o t a l 
Ra in 
( i n . ) 
Ra in 
D u r a t i on 
( h r s . ) 
Average 
R a i n R a t e 
( i n . / h r . ) 
Ra in 
Type 
S y n o p t i c 
(1) 
Type 
B e t a 
Shape 
Storm (2) 
Average 
B e t a 
E 0 . 3 9 1 .1 1 .03 TRW, R CFSL A 5123 
G 0 . 1 5 1 .5 0.14 " " " C 9533 
I 0 . 2 3 1.5 0 . 4 5 " " " C 2250 
K 0 . 2 0 0 . 9 1 .07 " " " A 7447 
M 0.50 1.6 0 . 5 0 " " " A 4736 
N 0.40 1.9 1.34 " " " A 3462 
R 0 . 2 3 1.3 1 .12 " " " A 8833 
T 0 . 2 0 0 .1+ l . 5 0 TRW " A 4225 
Sta t ion   5         10         20        30       40        50        60        70       80        90         95 
E 2 . 6 1.4 0 . 7 0 . 5 0.4 0.4 0 . 5 0 . 6 0 . 9 1.4 1 .8 
G - 0.7 0 . 9 1.0 1 . 1 1 .2 1.2 1 .1 l . l 1 .0 0 . 9 
I - 0 . 7 0 . 9 1.0 1 .1 1.2 1 .2 1 .1 1.0 0 . 9 0 . 8 
K 2 . 2 1 .5 l.0 0 . 9 0 . 8 0 . 8 0 . 7 0 . 6 0 . 9 1 .3 1.5 
M 1.7 1 .3 1.0 0 . 9 0 . 8 0 . 7 0 . 8 0 . 9 1.0 1 .1 1 .1 
N 2 . 8 1.8 1 .2 0 . 8 0 . 7 0 . 6 0.4 0.4 0 .8 1 .4 2 . 0 
R 2.4 2 . 0 1.4 1.0 0 . 8 0.6 0 . 5 0 . 5 0 . 6 0 . 8 1 .0 
T 4.5 2 . 2 1.4 0.7 0 . 6 0 . 6 0 . 7 0 . 8 0 . 9 1 .0 1.0 
(1) CPSL - Cold Front Squall Line 
(2) Beta concentration in micro microcuries 
per liter 
Beta Ratio for Given Cumulative Percent of Storm Rainfall 
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storm profile (Table 2). These tabulations then provided the basic 
data for investigation of possible relationships between the beta 
storm profile and various meteorological factors. 
Average rainfall rate in Table 2 was calculated by dividing 
the average of the individual sample rates by the number of sam-
ples, rather than by the standard method of dividing total storm 
amount by storm duration. This was done because the distribution 
curves were determined from the individual samples, and it appeared 
that in many cases, such, as the storm of June 10, the rate rela-
tionship to beta concentration would be masked by the excessive 
influence that a small amount of rainfall spread over a relatively 
long time (usually at the end of the storm) might have on the-
rainfall rate determination. For example, at station R on June 10 
(Fig. 5) approximately 78 percent of the rain occurred in the 
first 26 percent of the storm time, and 5 of the 6 rainwater sam-
ples that determine the distribution curve were collected in this 
short period during relatively heavy rain intensities. In this 
case, the mean rate calculated in the usual manner would be only 
0.18 in./hr. compared to 1.12 in./hr. calculated by the sample 
averaging method. 
Beta Distribution Types 
Examination of the beta distribution curves showed that they 
could be grouped into four major and three minor types. The four 
major types account for 89 percent of the 87 cases used in this 
study. Mean distribution curves for each of the four major types 
are shown in Figure 6 (solid lines). Type A was found to occur in 
45 percent of the 87 storm samples. Type B occurred 19 times, or 
in 22 percent of the cases. Type C was found 11 times and Type D 
occurred 8 times. Specific examples of the major types of beta 
distribution are shown in Figure 7. 
The three minor types accounted for only 10 of the 87 cases. 
Type E is intermediate between types B and D; the beta concentra-
tion decreases rapidly in the early part of a storm and then be-
comes relatively steady throughout the remainder of the rain 
period. Type F is the opposite of Type B, that is, the beta 
concentration shows a general increase in activity from beginning 
to end of a storm period. Type G is similar to Type F, except 
that a minor peak occurs in the distribution in the early part of 
the storm, similar to the secondary peak in the latter part of 
the storm shown by Type D. 
Table 3 shows the frequency distribution of the location of 
the beta concentration minimum with respect to cumulative percent 
of storm rainfall in Type A storms. The beta minimum occurred 
most frequently when 61 to 80 percent of the total storm rainfall 
had occurred. 
FIG.6 AVERAGE RELATIONS FOR THE FOUR MAJOR 
DISTRIBUTION PATTERNS OF BETA 
CONCENTRATION IN 1963 STORMS 
FIG.7 EXAMPLES OF MAJOR BETA DISTRIBUTION PATTERNS IN 
STORM RAINFALL 
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TABLE 3 
LOCATION OP BETA CONCENTRATION MINIMUM 
IN BETA TYPE A STORMS IN 1963 
Cumulative pe rcen t 
of Storm R a i n f a l l 
Number of 
Cases 
21-30 3 
31-40 7 
41-50 4 
51-60 3 
61-70 12 
71-80 9 
81-90 1 
Tota l 39 
Relation Between Beta Distribution and Rainfall Factors 
The next step taken, in the study was to investigate the effect 
of various rainfall factors upon the shape of the distribution 
curves of beta concentration and upon the magnitude of the values 
along these curves. The general effect of total storm rainfall 
was evaluated first by grouping all 87 cases into the following 
classes: 0.ll-0.20 inch, 0.21-0.30 inch, 0.31-0.40 inch, 0.41-0.50 
inch, 0.5l-0.75 inch, 0.76-1.00 inch, and over 1.00 inch. The 
range of the classes was dictated by the number of cases in each 
intervale Average ratios were calculated for each class at in-
tervals of 10 percent along the cumulative rainfall axis. This 
analysis indicated that the magnitude of total storm rainfall does 
not strongly influence the characteristics of the beta concentra-
tion profile throughout a storm. It was found that average ratio 
differences between rainfall classes were small, in general, and 
that they demonstrated no distinct trend with increasing storm 
rainfall. The results are illustrated by the summary in Table 4 
at selected values of cumulative percent of total storm rainfall. 
Next, analyses similar to that described for total storm 
rainfall were performed by grouping the 87 cases by rainfall 
duration, average rainfall rate, and rainfall type. Results in 
each analysis were similar to those obtained in the analysis of 
total storm rainfall; that is, no evidence was found that the 
characteristics of the beta concentration distribution at a 
specific point in a storm are determined uniquely by a single 
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TABLE 4 
EFFECT OP TOTAL STORM RAINFALL ON BETA DISTRIBUTION PATTERN 
Average Beta Ratio for Given Magnitude 
of Total Storm Rainfall (in.) 
Cumulative Percent 
of Storm Rainfall 
0.11-
0.20 
0.21-
0.30 0.31-0.40 
0.41-
0.50 
0.5l-
0.75 
0.76-
1.00 
10 l.6 1.8 1.5 1.4 1.6 1.2 
30 6.9 1.0 0.8 0.9 0.8 0.9 
50 0.8 0.8 0.8 0.8 0.7 0.7 
70 0.7 0.9 0.7 0.7 0.6 0.8 
90 1.0 0.8 0.9 0.7 0.6 0.9 
rainfall parameter observed at the same point. These results do 
not preclude the possibility of a relatively strong areal relation 
between the patterns of beta activity and rainfall. This possi-
bility will be discussed in a later section of this report. 
The 39 cases of Type A beta distribution were examined next 
with regard to effects of total storm rainfall, average rainfall 
rate, and rainfall duration. It was considered possible that 
restriction of the analysis to a particular type of beta storm 
profile might reveal relationships with the rainfall parameters 
that had been masked by combining all types, as was done in the 
preceding analyses. However, results were the same; no pronounced 
trend was found for the shape or magnitude of the Type A distri-
bution to vary with increasing storm rainfall, rainfall duration, 
or average "rainfall rate in storms. There was some indication 
that the average beta ratios decrease with increasing storm dura-
tion, but the change was small and may have resulted from sampling 
vagaries. 
Relation Between Beta Distribution and Synoptic Weather Types 
The frequency distribution of the 87 storm samples was de-
termined with respect to synoptic type associated with the rain-
fall. Four basic types of synoptic storms were used; these in-
cluded storms associated with cold fronts, warm fronts, unstable 
air masses, and low center passages. Cold frontal rainfall in-
cluded that associated with both pre-frontal squall lines and with 
frontal passages. Warm frontal rainfall included precipitation 
occurring with stationary fronts located south of the sampling 
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network, in addition to rain associated with the approach and 
passage of warm fronts. Low-center rainfall included all storms 
in which a low center passed through or near the network, usually 
accompanied by warm and/or cold front passages also. Air mass 
precipitation included rainfall occurring in the absence of fronts 
within several hundred miles, and in 1963 was confined to storms 
occurring in mT air masses. 
The 1963 frequency distribution, expressed in percent of total 
cases, is shown in column 2 of Table 5. The frequency of warm 
frontal rains was greatly above normal in 1963, whereas the cold 
frontal and air mass types were much below normal. However, the 
abnormality does not prevent investigation of the possible rela-
tionship between synoptic type and beta distribution type. In 
columns 3-7 of Table 5, the percentage distributions of the cases 
in each of the four major types of beta storm distributions are 
shown. Column 7 combines Types B and D, since D is similar to B 
except for interruption of the downward trend in beta concentra-
tion throughout a storm by a secondary peak in the latter part of 
the storm period (Fig. 6). 
Table 5 indicates an above normal percentage of cold fronts 
associated with Type A distributions. However, this departure of 
seven percent (31 to 24) is not great for a sample of 39 cases, 
and could be largely the result of the vagaries of sampling. The 
most outstanding departures from the average distribution in Table 5 
are those for Types B and D. These two types were strongly biased 
toward warm front occurrences in 1963, and, conversely, were associ-
ated infrequently with cold fronts. There were 19 and 8 cases, 
respectively, for Types B and D, providing a total of 27 cases 
upon which the results in column 7 of Table 5 are based. Type C, 
which has a pronounced mid-storm peak (Fig. 6), shows positive de-
partures from the 1963 averages for cold fronts, but the 11 samples 
are insufficient to arrive at reliable conclusions, except that the 
1963 data do show that this type of distribution is not restricted 
to a particular synoptic type. 
TABLE 5 
COMPARISON OP BETA CONCENTRATION DISTRIBUTIONS 
WITH SYNOPTIC WEATHER TYPES 
Synoptic 
Type 
Percent of 
Total 
Synoptic Cases 
Percent of e 
Given Bet 
Type A Type B 
ach Synoptic Type with 
a Distribution Type 
Type C Type D Types B+D 
Cold Front 24 31 5 36 12 7 
Warm Front 54 46 68 55 88 74 
Air Mass 10 10 5 9 0 4 
Low Center 12 13 22 0 0 15 
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Table 6 shows the association of beta distribution type with 
synoptic type expressed in another form. Prom this table, it 
appears that cold frontal precipitation has a Type A beta dis-
tribution most frequently. Warm fronts also show a maximum with 
Type A distributions, but Type B follows closely in frequency of 
occurrence. Insufficient observations have been obtained with the 
other two synoptic types for the statistics to have much meaning. 
TABLE 6 
DISTRIBUTION OP BETA TYPES WITH POUR SYNOPTIC TYPES 
Synoptic 
Type 
Number of 
Cases 
Number 
A 
of 
B 
Cases 
C 
for 
D 
Given 
E 
Beta 
P 
Type 
G 
Cold Front 21 12 1 4 1 1 1 1 
Warm Front 47 18 13 6 7 0 2 1 
Air Mass 9 4 1 1 0 3 0 0 
Low Center 10 5 4 0 0 0 0 1 
Inspection of the 1963 data indicates that the Type A distri-
bution, in the case of cold fronts, is produced by an increase in 
the beta concentration in the light steady rain falling from the 
stratiform cloud deck to the rear of pre-frontal or frontal squall 
lines. In the 12 cases of Type A with cold fronts it was found 
that 50 percent of the total storm time was used, on the average, 
in collecting the last sample in the series through the rainstorm. 
The ratio of beta concentration in the last sample to the concen-
tration in the preceding sample averaged 1.9 for the 12 cases. 
These statistics emphasize the change in rainfall characteristics 
occurring near the end of these storms. Evaporation from rain-
drops in the drier air to the rear of a squall line or cold front 
may contribute to the increased beta concentration in the last 
sample, but it also is likely that the concentration increase is 
partially caused by air from high levels being brought down to the 
surface in downdrafts in rear of the convective system. The num-
ber of samples in the storms used in this analysis varied from 4 
to 12 depending upon the intensity and duration of the storm. 
Type A distributions associated with the other synoptic types 
were investigated also, and it was found that, on the average, 
about 34 percent of the storm time was used in collection of the 
last rainwater sample in a series. Thus, the same tendency was 
found with all synoptic types producing Type A distributions, but 
the tendency was stronger with cold front precipitation. 
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Investigation of Type B distributions to date has not revealed 
any specific cause of their shape or characteristics, except that 
they are predominantly associated with warm fronts or low pressure 
systems. 
Rainfall Rate Distributions 
Rainfall rate was classified according to type of storm dis-
tribution in the same manner as the beta distributions. Analyses 
of the data resulted in division of rainfall rate distributions 
into the following seven types which are illustrated in Figure 8. 
(a) Type 1 — a single-peaked profile through the storm 
resulting from a gradual increase of rainfall rate 
to a maximum in the storm system, often near the mid-
point of the storm with respect to rainfall volume, 
then a gradual decrease with the rate of decrease 
becoming less near the end of the storm. 
(b) Type 1S -- maximum rate at the start of the storm 
with gradual decrease throughout the rainfall period. 
(c) Type 1SF -- maximum rate at the start of the storm 
but continuing nearly constant for a considerable 
period, followed by a general decrease, that is 
often rapid. 
(d) Type 1E -- gradual increase in rainfall rate to a 
maximum near the end of the storm. 
(e) Type 1P -- relatively high rate at the start of the 
storm followed by an appreciable decrease and then 
a major peak in the eentral part of the storm. 
(f) Type 2 -- two distinct peaks in the rate profile, 
with the first peak most frequently the major peak. 
(g) Type 3 -- three distinct peaks in the rate profile 
through a storm. 
The frequency distribution of the rainfall rate types is 
given in Table 7. Type 1 occurred most frequently, 37 times or 
in 43 percent of the storms. Type 2 ranked second with 25 cases 
and 29 percent of the total occurrences. With regard to Type 1, 
it was found that the rainfall rate peak had its median value at 
50 percent, that is, the peak was reached when 50 percent of the 
rain had fallen. In 81 percent of the cases, the Type 1 peak 
occurred when 35 to 64 percent of the rain had fallen. 
Analyses were then made to determine (1) whether these rate 
profiles (distribution patterns) were correlated with the total 
volume of storm rainfall, the rainfall duration, and the average 
rainfall rate, and (2) whether particular types of beta distributions 
FIG. 8 EXAMPLES OF VARIOUS TYPES OF RAINFALL RATE DISTRIBUTIONS. 
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tended to be associated with particular types of rainfall rate 
distributions in storms. In the investigation of (1) above, the 
87 cases of storm time samples obtained in 1963 were grouped by 
total storm rainfall, rainfall duration, and average rainfall rate 
and average distribution curves of rainfall rate calculated for 
each group. Results of this analysis indicated no strong trend 
for the rainfall rate profile to be determined by the other rain-
fall factors tested. 
TABLE 7 
FREQUENCY DISTRIBUTION OP RAINFALL RATE TYPES IN 1963 
Type Number of Gases 
1 37 
1S 7 
1SF 7 
1E 3 
1P 5 
2 25 
3 3 
Comparison Between Beta and Rainfall Rate Distributions 
Next, comparisons were made between the types of beta and 
rainfall rate distributions. It was found that Type A, the most 
common beta distribution, occurred most frequently with rainfall 
rate Type 1. Of 39 beta Type A storms, 22 or 56 percent had rain-
fall rate Type 1 associated with them. Second in importance was 
rate Type 2 with 6 occurrences. 
Rainfall rate Type 2 was associated most frequently with beta 
Type B, with 9 occurrences out of a total of 19 Type B storms. Of 
11 cases of beta Type C storms, 6 had rainfall rate Type 2 distri-
butions, that is, storms with two distinct bursts within the rain 
periodo Four of the 8 cases of beta Type D storms occurred in 
conjunction with rate Type 1, the single burst type of storm. 
Further analyses of beta Type A distributions revealed a 
strong tendency for the minimum in the beta curve to be associated 
with a major peak in the rainfall rate distribution, regardless of 
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the rate type, with the beta minimum lagging the rainfall rate 
maximum somewhat. This tendency is reflected in the average 
curves of beta Type A and the average rainfall rate curve for 
these 39 cases shown in Figure 6, Thus, on the average, the beta 
minimum was found to occur at 65 percent or after an additional 
20 percent of the total rain had fallen following the occurrence 
of the major peak in the rainfall rate distribution at 45 percent. 
The major rainfall rate peak in a storm is likely to contain 
rainfall originating in the region in which maximum vertical de-
velopment of the cloud system took place earlier. Assuming a 
uniform distribution of radioactive debris in the atmosphere, 
equal depth of convective clouds throughout a storm, and a sim-
ilar raindrop size distribution throughout the storm, the beta 
concentration would tend to minimize in conjunction with the peak 
rainfall intensity, since there would be a greater volume of 
rainwater to dilute the radioactivity in the atmosphere. How-
ever, the minimum beta concentration would tend to be displaced 
from the rainfall rate maximum, if the cloud system in the region 
in which the maximum rate developed had towered to greater heights 
than the rest of the storm cloud system thereby becoming exposed 
to high-level sources of greater radioactivity. The displacement 
of the rainfall rate peak from the beta Type A minimum in Figure 6 
indicates the frequent occurrence of the situation described above. 
No reversal of the decreasing trend in beta concentration 
occurs with beta Type A as the rainfall rate maximizes, but, the 
rate of decrease appears to proceed at a slower rate. A reversal 
would be expected, if a high-level source of rich radioactivity 
was penetrated. This suggests that the Type A distributions may 
be representative of distributions in mature convective systems 
in which the high-level source of radioactivity has been diluted -
somewhat by penetration at an earlier stage in the storm. Type C, 
discussed later, appears representative of the distribution to be 
expected with the initial stratospheric penetration by a given 
convective system. The lagging of the beta minimum from the rain-
fall rate maximum with the beta Type A distributions is associated 
apparently with rainfall which follows that produced during the 
maximum height development of the eonvective storm, and which, 
therefore, is more diluted with respect to radioactive debris. 
The increase in beta concentration following the minimum may then 
result from increased evaporation of falling raindrops in the rear 
portions of the storm, an increased number of available particu-
lates per unit volume of cloud water in the latter stages of the 
storm, and the downward transfer of stratospheric air in the rear 
portion of the storm system. 
The series of events hypothesized above satisfy the observed 
relationships between beta Type A distributions and the distribu-
tion of rainfall rate in the majority of the cases. However, a 
similar explanation does not seem to fit the beta Type B distributions, 
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the second most common beta type. In this case, the beta concen-
tration reaches a peak at or near the start of a storm period and 
decreases throughout the storm (Fig. 6). As indicated earlier, the 
Type 2 rainfall rate distribution was dominant with the beta Type B 
distributions. In general, the major rate peak with the Type B 
storms occurred considerably earlier in the rain period than it 
did with the Type A storms and was not associated with a distinct 
change in beta concentration, the beta concentration continuing to 
decrease prior to and following the rate peak. This sequence of 
events indicates that changes in rainfall rate had little influ-
ence on the beta concentration profile in Type B storms, and that 
the beta concentration was decreasing as the result of cleansing 
of the atmosphere as the rainstorm progressed. This, in turn, 
implies that the rainstorm was exposed to a generally uniform 
distribution of radioactive particulates throughout its life, 
and that the cloud system associated with the rainfall rate peak 
did not reach sufficient heights to become contaminated to any 
large degree from the stratospheric reservoir of debris. The beta 
Type B distributions were biased strongly toward association with 
warm frontal rain. Such rain tends to be more widespread and more 
continuous than cold front and air mass types, and, therefore, 
more conducive to a general dilution of the available radioactive 
debris with time in a storm system. Regardless of the cause, how-
ever, the beta Type B distribution results from rainstorm condi-
tions that produce gradual dilution of the beta supply, and it is 
a type of distribution that occurs frequently in convective storms. 
Beta Type G distributions are the opposite of beta Type A in 
that they show a peak instead of a minimum (Fig. 6) in beta con-
centration near the middle part of the storm. Examination of the 
rainfall rate distributions associated with Type C storms indicated 
a strong tendency for a major peak in the inner portions of the 
storm, A median peak location at 53 percent of the cumulative 
rainfall volume was found for the 11 cases (Fig. 6), and, in 10 of 
the 11 storms, the major rate peak occurred in the range from 35 
to 70 percent. Figure 6 shows that the beta peak lags slightly 
behind the rainfall rate peak, on the average, in beta Type C 
storms. The major beta peak in the middle portions of a convec-
tive storm appears to be associated with a deep vertical develop-
ment of the cloud deck into the stratospheric reservoir of radio-
active particulates. As suggested earlier, Type G distributions 
may represent the initial stratospheric penetration by a convective 
storm, whereas some time later the same storm could produce a beta 
Type A distribution in passing over another station. This sequence 
of events appears to have occurred in the storm of June 10, 1963. 
On that date, a squall line developed near the western border of 
the time sampler network (Fig. 1) and moved ESE across the network. 
At station I near the western edge of the network, a beta Type C 
distribution was recorded, whereas all time sampler stations in 
the central and eastern parts of the network recorded Type A 
distributions. 
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Beta Type D (Fig. 6) shows a minor peak in the beta concentra= 
tion following a rapid decrease in concentration in the early por-
tions of the storm. On the average, this peak was found to occur 
after about 75 percent of the rain had occurred. Examination of 
the rainfall rate distributions associated with the eight cases of 
beta Type D distributions showed no strong tendency for a peak or 
valley in the distribution corresponding to the beta peak. Seven 
of the cases occurred with warm fronts, and the rain was associated 
with overrunning of a front to the south or southwest. In one of 
the eight cases a major peak in the rainfall rate distribution was 
associated with the secondary beta peak, and in two other cases a 
minor peak in the rainfall rate curve accompanied the secondary 
beta peak. In the other five cases, a single rate peak occurred 
in the first half of the rainfall period with respect to cumulative 
volume of rainfall, that is, before half of the rain had occurred. 
At this time, no satisfactory explanation for the secondary peak 
has been found from comparison of the beta and rainfall rate 
distributions. 
Analyses of 1963 storms indicated that more than one type of 
beta distribution occurred in a particular storm at the various 
stations in the rainwater network, although a particular type 
generally dominated. For example, beta Type A distributions 
occurred at six of the eight stations for which time samples were 
obtained on June 10 (Table 2), and beta Type C profiles were re-
corded at the other two stations. It is likely that the charac-
teristics of the beta distribution are affected by the position 
of a station with respect to a particular RW or TRW, and an in-
vestigation of this factor is presently underway through use of 
radar data obtained with part of the 87 storm samples. 
BETA CONCENTRATION AT START AND END OF STORMS 
Total Storm Relations 
Examination of time samples from the rainwater network during 
1963 has indicated a strong trend for a peak in the beta concen-
tration at the start of storms and a lesser trend for an increase 
in concentration at the end of storms. Table 8 provides a quan-
titative measure of these trends in 12 storms in which time samples 
were collected at three or more stations. In this table, the aver-
age ratio of the beta concentration in the first sample (S1) to the concentration in the second (S2) is shown for each storm in column 2. The following columns show the average ratio of the concentration in 
the last to the next to last sample (L/L-1), the ratio of the ini-
tial concentration to the storm average concentration (S1/A) and median concentration (S1/M), and the ratio of the last sample's concentration to the storm average (L/A) and median (L/M). The 
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data in Table 8 are for entire storm periods that may have included 
more than one burst or shower. The samples contained approximately 
equal volumes of rainfall, which usually ranged from 0.01* to 0.06 
inch depending upon the wind velocity at the sampling sites. 
TABLE 8 
BETA CONCENTRATION AT START AND END OP 1963 STORMS 
Date Sl*/S2 
1.6 
L*/L-l 
0.8 
S1/A* 
1.6 
S1/M* 
1.8 
L/A 
0.7 
L/M 
l*/29 0.7 
5/1* 2.0 1.1 1.8 2.1 0.7 1.0 
6/10 2.1 2.0 1.7 1.7 1.2 1.4 
7/1 2.6 1.6 2.2 2.6 0.8 1.0 
7/6 2.1 1.0 3.3 4.8 0.4 0.6 
7/13 (AM) 2.5 2.0 3.2 5.8 0.6 0.8 
7/13 (PM) 1.7 1.4 1.8 2.4 0.9 1.1 
7/31 1.4 1.0 1.4 1.6 0.9 0.9 
8/6 1.3 1.1 2.1 2.7 0.8 1.0 
8/12 2.9 1.6 2.2 3.4 1.1 1.8 
8/28 1.5 1.1 1.3 1.5 0.9 0.9 
9/2 2.0 0.8 2.3 2.2 0.5 0.6 
S-start, L-last, A-average, M-median 
Combining the data in Table 8 with that from other storms with 
fewer time samples, a total of 73 cases of S1/S2 ratios were ob-tained in 1963. The median ratio was 1.8 with the most frequent 
range from 1.6 to 2.0 which contained 25 percent of the 73 cases. 
Similarly, a median of 1.2 was found for L/L-1. The strong trend 
for a decrease in beta concentration at the start of a storm period 
is revealed by investigation of the frequency with which the de-
crease occurred. A decrease in excess of 10 percent occurred be-
tween the first and second samples in 80 percent of the cases, 
compared to an increase 8 percent of the time, and no change in 
12 percent of the cases. An increase was found at the end of a 
storm period in 45 percent of the cases, compared to a decrease 
in 35 percent of the storms, and no change (10 percent or less) 
20 percent of the time. 
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In another phase of this study, the ratios of S1/A and L/A were grouped according to total storm rainfall, rainfall duration, 
and average rainfall rate. This was done to determine whether the 
relative magnitude of the initial sample and last sample might 
vary with the above storm rainfall factors. Results of this an-
alysis are summarized in Table 9. This table indicates a trend 
for the S1/A ratio to increase with increasing total storm rain-fall, whereas the L/A ratio tends to remain constant with in-
creasing volume of rainfall. No trend was found for the ratios 
to vary consistently with increasing rainfall duration or rainfall 
rate (Table 9). 
TABLE 9 
RELATION OP INITIAL AND PINAL BETA CONCENTRATION TO 
RAINFALL VOLUME, DURATION, AND RATE 
Rainfall 
Volume (in.) S1/A L/A 
0.11 - 0.20 1.6 0.9 
0.21 - 0.30 1.7 0.8 
0.31 - 0.50 1.9 0.8 
0.51 - 1.00 3.1 0.8 
Rainfall 
Duration (hrs.) Sl/A L/A 
0.1 - 1.0 1.9 0.8 
1.1 - 2.0 1.8 0.9 
2.1 - 3.0 2.2 0.7 
3.1 - 6.0 3.2 0.8 
over 6.0 1.4 lo5 
Average 
Rate (in.) S1/A L/A 
0.11 - 0.25 2.3 1.0 
0.26 - 0.50 1.7 0.8 
0.51 - 1.00 2.1 0.7 
1.01 - 1.50 1.7 0.9 
over 1.50 2.1 0.8 
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The cause of the trend for the initial beta concentration to 
increase in heavier rainstorms cannot be completely isolated from 
analyses of the data. Heavier storm rainfalls may result from 
either storms of relative long duration or relatively heavy in-
tensity with respect to the average. Both factors are present in 
the 1963 storms. Examination of the data for storms of 0.51-1.00 
inch shows the median duration was 2.1 hours compared to a median 
of 1.3 hours for all 1963 storms, and a median rate of 0.62 inch/hour 
was found for these storms compared to 0.47 inch/hour for all storms. 
Further analysis of the storms with total rainfall amounts of 0.51-
1.00 inch revealed a trend for the initial beta concentration to be 
greater with the longer duration storms in this group. 
Evaporation from falling raindrops into the dry air at the 
forward edge of a storm is a factor which may influence the ini-
tial beta concentration in storms, but it does not appear that 
this influence should become greater as the areal extent and/or 
intensity of the storm system increases. A possible cause of the 
trend for the initial beta concentration to increase with in-
creasing volume of storm rainfall may be a proportionately greater 
convergence of loose surface dirt and lower tropospheric particu-
lates into the forward edge of the relatively larger storm systems 
associated with the heavier rainstorms. This would result in the 
capture and rainout of this dirt in raindrops and/or return of the 
entrained dirt to the surface in the storm downdrafts without cap-
ture by falling raindrops. Partial verification of this possibility 
can be made through analyses of the time samples of suspended and 
dissolved particulates in the beta samples from 1963 storms. 
These analyses are discussed in the next section. Other specu-
lations as to causes of the trend discussed in the foregoing para-
graphs could be presented, but since verification cannot be accom-
plished, little is to be gained by such discussions at this time. 
Comparison of the data in Table 9 with synoptic types in-
dicated that the trends observed in the beta concentration at the 
start and end of storm periods is not dependent to any large degree 
upon synoptic weather. For example, the three largest average 
ratios of the first to second storm sample occurred with a squall 
line on July 6, air mass thunderstorms on July 1, and a warm front 
on August 12. The largest average ratio at the end of a storm 
period was on June 10 with thunderstorms in an intense squall line, 
and the second largest ratio occurred with steady rain in advance 
of a warm front during the forenoon of July 13. 
Rainfall Burst Relations 
In a number of cases, storm periods consisted of several 
bursts, and in some of these cases rainwater samples were obtained 
at the start and end of two or more storm bursts. An investiga-
tion was made to determine whether an increase in beta concentration 
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tended to occur at the start of new bursts in storms following 
the initial burst. Such information is valuable in determining 
the causes of the initial high beta concentration. The available 
data were divided into two groups. In the first, bursts were 
studied in which rainfall was continuous between bursts, the 
bursts being identified by decreasing rainfall rate followed by 
increasing rainfall rate later in the same storm period. The 
second group included all storms in which rain stopped for 0.1 to 
1.0 hour between bursts. 
The percentage change from the last sample in one burst to 
the initial sample in the next burst was calculated. With the 
first group, there were 33 cases obtained from storms with 2 to 
4 bursts. In 16 cases (49%), an increase in beta concentration 
in excess of 10 percent was found, whereas 10 cases (30%) showed 
a decrease exceeding 10 percent, and 7 cases (21%) showed no 
change, that is, a change of 10 percent or less in either direc-
tion. When the second group was added to the first to include 
all eases with one hour or less between bursts, the number of 
cases increased to 52, and the percentage with increasing beta 
concentration from 49 to 54 percent. The percentage with de-
creasing beta concentration was 25 percent and the percentage of 
cases with no change remained at 21 percent. 
The 16 cases of increasing beta concentration from burst 
to burst had a median value of 50 percent, whereas the 12 cases 
with 0.l to 1.0 hour between bursts had a median of 63 percent. 
Thus, the increase tended to be greater when rain stopped between 
bursts. Overall, there appeared to be a trend for beta concen-
tration to increase with the beginning of a new burst, although 
the tendency was not exceptionally strong. The implication of 
these findings will be discussed later. 
In completion of this phase of the study, the S1/S2 ratios in new bursts were calculated for comparison with the same ratio 
at the start of the storm period. When this was done, a median 
of 1.2 was found for both groups of storms, those in which new 
bursts occurred with continuous rainfall and those in which rain-
fall stopped for 0.1 to 1.0 hour between bursts. As shown earlier, 
the median value of this ratio at the beginning of 1963 storms was 
1.8. Using only those storms incorporated in the burst analyses, 
the same initial ratio, 1.8, was obtained. Thus, a trend is in-
dicated for the beta concentration to be relatively high at the 
start of new bursts, but the relative magnitude of this concentra-
tion with respect to later concentrations is not nearly as great 
as at the start of rainfall periods. 
Further evaluation of the data for new bursts in storms showed 
the initial ratio (S1/S2) in new bursts had a decrease in excess of 10 percent between the first and second samples in 57 percent 
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of the eases. An increase in excess of 10 percent was found in 
34 percent of the cases, and no change (10% or less) in 9 percent 
of the storms. Comparable statistics for the first two samples 
at the beginning of a rainfall period (no previous rain) are 80, 
8, and 12 percent, respectively, for decrease, increase and no 
change. These statistics indicate that the abnormally high ini-
tial concentration of beta activity occurs much more frequently 
at the forward edge of storm systems compared with occurrences at 
the start of new bursts within an existing storm system. 
The comparison of S1/S2 ratios in the preceding paragraphs indicates the high initial values of beta concentration could be 
largely the result of evaporation of raindrops into dry air at 
the leading edge of storm systems. However, the tendencies for 
the beta concentration to increase from the end of one burst to 
the start of the next in saturated air and for the S1/S2 ratios to exceed 1.0 in new bursts suggests that other factors may be 
involved also. Convergence of surface and low level particulates 
into a storm and surface contamination of the rainwater collector 
by dry fallout have been mentioned. Although contamination of 
the collectors may not be a major cause of the initial high beta 
concentrations, it should be pointed out that the S1/S2 statistics would support the contamination hypothesis as well as the raindrop 
evaporation influence. That is, the collectors would be expected 
to have more contamination from dry fallout at the start of rain 
periods than would be found within storms. However, again, the 
contamination explanation does not account for the observations 
at the start of new bursts, particularly those for which there was 
no rain stoppage between bursts. 
Another possible cause of the high initial beta concentration 
that has been suggested is that the raindrops at the forward edge 
of a storm system have had a longer residence time in the atmos-
phere, and, therefore, more time to become polluted with radio-
active particulates. This hypothesis is based upon the assumption 
that the cloud droplets which grew to raindrops at the start of 
the storm were involved in the development stages of a convective 
storm, and that when the system was fully developed the residence 
time of the cloud and raindrops would decrease. This hypothesis 
has some support from the observed pattern of beta concentration 
between bursts; that is, assuming each burst represents a new con-
vective cell, higher concentrations would be expected at the lead-
ing edge of new bursts than at the rear edge of the previous burst 
or subsequent samples in the new burst, providing the atmospheric 
supply of radioactive particulates to which the storm system is 
exposed remains constant. It is expected that further evidence 
of the veracity of the above hypothesis will be gained when analy-
sis of the radar observation of convective cell activity over the 
network in 1963 storms is completed. This analysis should provide 
information on concentrations at the leading edges of both new and 
old convective cells. 
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S1/S2 Variability Within Storms 
In search of further information to help evaluate the charac-
teristics of the initially high beta concentration in storms and 
the causes of this anomaly in the distribution, analyses were made 
of the variability of S1/S2 ratios at the start of storm periods on the rainwater collection network. Storms were analysed in which 
four or more stations had time samples for the same storm period. 
Average values of the ratio and the average variability of the ratio 
are presented for 10 storms in Table 10. Network "ET" is the rain-
water network used during June and July and encompasses approxi-
mately 3000 square miles, whereas Network "E" is the East Central 
Illinois raingage network of 400 square miles in which August op-
erations were confined. Mean variability is equal to the average 
deviation from the network mean divided by the network mean and 
multiplied by 100. Maximum variability is the ratio of the highest 
to the lowest network value of S1/S2. It should be pointed out 
that the statistics in Table 10 are not based upon a uniform number 
of stations and so should be used only as general approximations. 
Table 10 indicates large variability between stations in some 
storms, particularly on the larger network (ET) where the mean 
variability averaged 37 percent and maximum variability reached 
as high as 10.0. Both the mean and maximum variability decreased 
on the smaller network (E), with the mean variability averaging 
21 percent for 6 storms and the maximum variability not exceeding 
2.4. Both networks showed the same average ratio of 2.0 for S1/S2 for all storms combined. With network equivalent averages of S1/S2 and no outstanding differences in the network data that can be 
attributed to rainfall factors or synoptic storm types, it appears 
that the large differences in variability between networks is re-
lated to samples being drawn from a much larger area with the ET 
network. This, in turn, suggests that a wide range in S1/S2 is most likely to occur when a storm system is sampled over a relatively 
large portion of its area and/or a relatively long period of time, 
either of which would increase the probability of sampling individ-
ual elements of the system in various stages of development. If 
the preceding suppositions are correct regarding the statistics in 
Table 10, then the implication is that S1/S2 varies with the physi-cal characteristics of the storm system, such as stage of develop-
ment, age of convective cells, etc. Again, much more should be 
known about the veracity of these suppositions when detailed an-
alyses of the radar data are completed. 
Preliminary analysis of the pre-cold front squall line of 
June 10 provides some information on the variation of S1/S2 with ehanges in time and space. The pattern of ratios in this storm is 
shown in Figure 9. This squall line developed near the western 
edge of the network and moved ESE. At Station I, where a low ratio 
FIG. 9 S1/S2 IN STORM OF JUNE 10, 1963 
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TABLE 10 
NETWORK S1/S2 STATISTICS 
Storm Date 
Average 
Ratio 
2.1 
Average 
Variability 
(%) 
Maximum 
Variability 
(ratio) 
5.7 
Number of 
Stations 
13 
Network 
6/10 37 ET 
6/10 2.7 26 1.8 4 E 
7/6 2.1 46 7.7 8 ET 
7/3 3 (AM) 2o5 44 3.6 4 ET 
7/13 (PM) 1.7 48 10.0 6 ET 
7/20 1.7 11 1.3 4 ET 
7/31 1.4 15 1.6 4 E 
8/6 1.3 22 2.1 5 E 
8/8 2.1 29 2.1 5 E 
8/12 2.9 22 2.4 4 E 
8/28 1.5 23 2.0 5 E 
of 0.8 was obtained, the line was in the early stages of develop-
ment. The pattern in Figure 9 shows a wide range of ratios and a 
region of relatively high ratios near the eastern edge of the net-
work. Relatively large changes in ratio occurred within short 
distances. For example, values ranged from 1.9 to 3.4 within the 
East Central Illinois network of 400 square miles (dashed area). 
Analyses of radar data indicate that the zone of high ratios in 
the eastern part of the rainwater network was associated with a 
new line of storm echoes that developed immediately in advance of 
the original line. Correlation of Figure 9 with radar data from 
the CPS-9 and TPS-10 indicate the high ratios in the eastern part 
of the network occurred shortly after development of the new line, 
and Figure 9 indicates a decrease in the ratio later as the line 
reached Station M in the southeastern corner of the network. 
Radar-indicated cloud tops were in the range from 35,000 to 45,000 
feet in the new line. The tropopause was near 35,000 feet. The 
cloud tops in the new line, however, were at approximately the same 
level as in the old line, so that vertical development does not 
appear to have been the cause of the zone of maximum ratios in the 
eastern part of the network. Development of this new line does in-
dicate presence of a region of strong convergence, and entrainment 
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of the outflow from the old line may have been related to the high 
initial ratios in the new line. 
Another factor investigated in conjunction with the S1/S2 
ratios was the time elapsing between rainstorms in which appre-
ciable rain occurred. This was done to determine if the ratios 
tended to be higher as the elapsed time between rains increased. 
If so, this would be indirect evidence of the importance of con-
tamination of the initial rainwater sample by entrainment of loose 
surface dirt into the edge of a storm and/or storm washout of lower 
tropospheric dry fallout built up during the period of no rain.  
However, no strong correlation was indicated. For example, the 
highest average S1/S2 ratio (2.8) on the network occurred 4 - 6 
days after heavy rains in central Illinois, whereas in several 
other cases ratios of 1.3 - 1.5 occurred with no appreciable rain 
for 7-10 days. However, other factors such as the wind velocity 
in the air mass in advance of a storm, and the intensity of con-
vergence associated with the convective system would influence the 
entrainment of surface dirt into storms. Preliminary investiga-
tion of the particulate distribution in the rainwater samples used 
for beta analysis does suggest the presence of surface dirt in the 
initial beta samples. This investigation is described in the fol-
lowing section. 
ANALYSES OF PARTICULATES IN 1963 STORMS 
For each time sample in selected storms tabulations have been 
made of the amount of suspended and dissolved matter, the percent-
age of the total that was suspended, and the intensity of radio-
activity in the particulate matter expressed as the number of micro 
microcuries per milligram (mmc/mg). Suspended material as used in 
this report is defined as the precipitate retained by filtration 
through a 0.45-micron Millipore filter. The dissolved material 
then refers to particulates in solution and particulates with 
diameters less than 0.45 micron. 
These data are being used to evaluate the importance of the 
suspended and dissolved particulates in determination of the beta 
concentration in each rainwater sample and to determine whether 
significant changes occur within storms with respect to the pro-
portions of suspended and dissolved material. The particulate 
radioactive intensity (mmc/mg) is used to determine intensity 
changes within storms that might be correlated with changes in 
the structure of the storm clouds, as portrayed by radar, and with 
changes in rainfall intensity at the surface. 
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The analyses of particulate matter are being used also in 
the investigation of the causes of the relatively high beta con-
centration frequently found in the rainwater samples at the start 
of a storm period. Although the particulate analyses have not 
been completed at this time, some interesting results have been 
obtained and are discussed briefly in the following paragraphs. 
Final results will be presented in a future report. 
Analyses of 12 storm periods during 1963 have indicated a 
pronounced trend for the intensity of the radioactive rainout of 
particulates to be greater at the end of storm periods than at the 
start of rainfall. Results of this phase of the study are sum-
marized in Table 11. In this table, ratios are shown for (1) the 
rainout intensity in the first rainwater sample (S1)to the aver-age rainout intensity for the entire storm period (A), and (2) 
the rainout intensity in the last sample (L) to the average storm 
intensity (A). Similar ratios are shown for the particulate 
weight, for the percentage of the total beta concentration result-
ing from suspended solids, and the percentage of the total weight 
of particulates accounted for by suspended material. The data in 
Table 11 are averages for the time sampler network, and include 
only storms in which four or more stations provided time samples.  
Also, only stations which collected a minimum of four time samples 
in a storm period were used. 
Table 11 shows that in 10 of the 12 storm periods the rainout 
intensity ratio was greater at the end than at the start of the 
storm period. In one storm the two ratios were equal, and in the 
other storm the ratio was smaller at the end of the storm. The 
reversal in trend in the afternoon storm of July 13 occurred with 
a cold front passage following 6 to 8 hours of rainfall associated 
with the approach and passage of a warm front. It is stressed 
that the values in Table 11 are network averages, and departures 
from the average storm trend occurred at individual stations in 
some of the storms. For example, in the storm of June 10 three 
of the 12 stations used in the analysis had a rainout intensity 
greater at the start than at the end of the storm. Further inves-
tigation of possible causes of these reversals within storms will 
be made in conjunction with mesoscale case studies of storms now 
underway. 
The pronounced trend for the rainout intensity to be greater 
at the end than at the start of storm periods indicates that more 
inert matter may be in the rainwater at the start of a storm, and, 
in turn, this indicates that the initial sample may be contaminated 
by the convergence of dirt into the forward edge of the storm system 
from surface or low-level sources. Sampler contamination would also 
contribute to the initially low rainout intensity. The foregoing 
suggestion gains further support by the ratios of particulate weight 
in Table 11. In all cases, the combined weight of suspended and 
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TABLE 11 
COMPARISONS BETWEEN AVERAGE BETA CONCENTRATION AND AVERAGE 
RAINWATER PARTICULATE CONTENT IN 1963 STORM PERIODS 
Ratio of First and Last Sample to Storm Mean 
Rainout 
Intensity 
(mmc/mg) 
Particulate 
Weight 
(mg/1) 
Percent 
Suspended 
Particulates 
Percent 
Suspended 
Beta 
Storm 
Date S1/A L/A S1/A L/A S1/A L/A S1/A L/A 
5/4 0.6 1.3 2.3 0.5 1.0 1.0 1.1 0.9 
6/10 0.8 1.5 1.9 0.6 1.0 0.9 1.1 0.8 
7/1 0.3 1.4 3.0 0.3 1.2 0.9 1.2 0.8 
7/6 0.7 0.9 3.9 0.4 0.9 1.0 1.4 0.8 
7/13 (AM) 0.8 1.4 4.6 0.4 0.9 0.9 1.4 0.7 
7/13 (PM) 1.7 1.0 1.4 1.0 0.9 1.0 0.8 0.8 
7/20 0.8 1.0 2.5 0.7 1.0 1.0 1.1 0.9 
7/31 0.6 1.2 2.8 1.0 1.0 0.8 1.2 0.8 
8/6 0.6 1.3 3.3 0.6 0.8 0.9 1.2 0.8 
8/12 1.2 1.2 2.4 0.7 0.7 1.0 1.3 0.8 
8/19 0.6 0.9 2.6 0.9 1.1 0.9 1.2 0.9 
8/28 0.5 1.2 2.5 0.6 0.8 1.0 1.2 0.8 
Average 0.8 1.2 2.8 0.6 0.9 0.9 1.2 0.8 
dissolved material is greater at the start of the storms, and in 
most storms the ratio differences from the start to the end of the 
storm is pronounced. 
The percentage of the total beta concentration produced by 
suspended solids shows the opposite trend from the rainout inten-
sity. In 11 of the 12 storms, the ratio at the start of storms 
was greater than at the end of storms. Thus, the relative impor-
tance of the dissolved material increases near the end of storm 
periods. 
Table 11 indicates little change, on the average, in the per-
centage of rainwater suspended particulates from the start to the 
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end of storms. The decrease in the suspended percentage of the 
total beta concentration at the end of storms then results from 
a higher specific radioactivity of the dissolved material at the 
end compared to the beginning of storms, rather than a percentage 
increase in the dissolved material. 
Summarizing, it appears that in most convective storms the 
greatest concentration of particulate matter is in the forward 
portion of the rain zone, and this suggests that the rainwater in 
this part of the storm may be contaminated by surface or low-level 
particulates brought in by strong convergence into the advancing 
storm. In turn, the contamination by surface and low-level par-
ticulates would tend to increase the total beta concentration in 
agreement with trends discussed in the last section. However, 
the radioactivity of the surface and low-level particulates would 
be relatively low compared to that of material brought down from 
high-altitude storage of fission products, since they would include 
much non-radioactive material as well as previous radioactive dry 
fallout or rainout material. This should result in a relatively 
low beta concentration per unit weight of particulates at the start 
of storms. Continuing the preceding line of thought, the surface 
contamination would be expected to decrease in intensity as a 
storm is penetrated farther. This should result in a decrease in 
the total amount of particulate matter per unit volume of rain-
water, but the rainout intensity should increase. As pointed out 
earlier, a general tendency in this direction was found in the 12 
storms. 
The foregoing discussion indicates that the relatively high 
beta concentrations observed at the beginning of a majority of the 
1963 rainstorms was partially due to contamination of the rainwater 
by surface or low-level particulates. However, evidence was pre-
sented in the previous section to show that the initial concentra-
tions tend to be higher than the average concentration in storms 
where the surface contamination factor is negligible. Thus, sur-
face contamination does not appear to be the sole cause of the high 
initial beta concentrations frequently observed. Evaporation from 
falling raindrops at the forward edge of storms is another contri-
buting factor, but should not be an important factor in most warm-
season convective storms in Illinois that usually occur in moist 
tropical air. 
1962 STRONTIUM ANALYSES 
A total of 92 total storm samples from 12 storms were analysed  
for Sr-89 and Sr-90 in 1962 (Walton and others, 1963). In several 
of these storms, five or more samples were obtained in the Boneyard, 
Kaskaskia,or East Central Illinois networks. These networks are 
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described in the first progress report under this contract (Huff, 
1963). Network averages for the above storms are listed in Table 12, 
All except one storm, October 1-2, produced convective rainfall in 
conjunction with showers and thunderstorms. All storms were classi-
fied as moderate to heavy with respect to rainfall. Table 12 shows 
that a relatively wide range of concentrations and depositions were 
sampled, especially with Sr-89. In Table 12, concentration is ex-
pressed in micro microcuries per liter (mmc/l) and deposition in 
micro microcuries per square meter (mmc/sq.m), 
TABLE 12 
NETWORK AVERAGES OP STRONTIUM CONCENTRATION, 
STRONTIUM DEPOSITION, AND STORM RAINFALL IN 1962 
Storm 
Date Network 
Number 
o f 
Samples 
Average 
C o n c e n t r a t l on 
(mmc/l) 
S r - 8 9 S r - 9 0 
Average 
D e p o s i t i o n 
(mmc/sq.m) 
S r - 8 9 S r - 9 0 
Storm 
R a i n f a l l 
( i n . ) 
7 /2 -3 E* 6 33 4.5 1548 212 1 .77 
7 /2 -3 B 5 38 5.5 3659 531 3 . 8 4 
7 / 2 - 3 K 5 33 5 . 5 3006 497 3 .59 
7 / 1 1 K 5 241 6 . 0 4681 115 0 . 7 4 
7 / 1 3 E 10 130 6 . 3 6030 286 1 . 6 1 
7 / l 4 - l 5 K 5 283 6 . 9 2831 344 1 . 9 5 
7 / 2 2 E 9 84 1 3 . 3 1631 259 0 . 8 2 
8 / 5 K 5 47 4.1 1828 159 1.52 
8/24 E 9 29 4.1 598 81 0 . 8 0 
10 /1 -2 E 10 216 1 2 . 3 2022 113 0 . 3 3 
*E - East Central Illinois, B - Boneyard, K - Kaskaskia 
Spatial Variability of Strontium 
An investigation was made of the spatial relative variability 
of strontium, and comparisons were made with similar calculations 
for gross beta activity from 1962 data. The purpose of this inves-
tigation was to obtain quantitative data on the probable variability 
of radioactivity on a mesoscale in convective storms and to determine 
-41-
the relationship between the relative variability of radioactivity 
and storm rainfall. The relative variability was calculated by 
the simple method of Conrad (1950), in which it is defined as: 
V = 100(AD/M) 
where V is the relative variability in percent, M is the mean of 
the sample, and AD is the average deviation from the mean. 
The relative variability of strontium concentration, stron-
tium deposition, and storm rainfall are summarized in Table 13 
for the storms listed in Table 12. The Boneyard network encom-
passes an area of 10 square miles, the Kaskaskia network 12 square 
miles, and the East Central Illinois network 400 square miles. 
The rainfall relative variability in Table 13 was based upon ob-
servations at the same points at which the strontium samples were 
collected. Concentration refers to the quantity of radioactive 
material per unit volume of rainwater, whereas deposition is the 
quantity of radioactive material deposited per unit area. 
Table 13 shows that, on the average, the relative variability 
for both the concentration and deposition of Sr-89 and Sr-90 was 
somewhat higher than the variability of storm rainfall. The aver-
age variabilities of Sr-89 and Sr-90 were approximately equal on 
the Kaskaskia and Boneyard networks. Table 14 shows the average 
relative variability of beta concentration and deposition, based 
on 15 storms in 1962 from the Kaskaskia and Boneyard networks dis-
cussed in an earlier report (Huff, 1963). The data from these 
networks were combined since they represent nearly equal sampling 
areas. Comparison of Tables 13 and 14 indicates that, in general, 
the relative variability of gross beta is somewhat greater than 
that of either strontium-89 or strontium-90. Beta concentration 
had a l5-storm average of 25 percent compared with the 5-storm 
average of 15 percent for strontium, and beta deposition averaged 
25 percent compared with 20 percent for strontium. Of course, 
these statistics are based upon a relatively small sample, es-
pecially the strontium data, and they may be altered as more storms 
are analysed. However, the differences are in the expected direc-
tion, since the beta variability reflects the combined variability 
of a large number of fission products. Since total storm rainfall 
has equal weight with concentration in calculation of the deposi-
tion in each case, smaller differences between the relative varia-
bility of strontium and beta deposition would be expected, as found 
in the 1962 storms. 
The relative variability in the five 1962 storms on the East 
Central Illinois network of 400 square miles (Table 13) showed 
the same general trend as observed on the two small networks. The 
storm of October 1-2 consisted of mostly stable rainfall with a 
few convective cells interspersed in the stable cloud layers. 
Table 13 indicates that the variability in this storm did not de-
part greatly from that observed in the convective storms, and 
TABLE 13 
RELATIVE VARIABILITY OP STRONTIUM-89, STRONTIUM-90, AND 
STORM RAINFALL ON KASKASKIA, BONEYARD, AND 
EAST CENTRAL ILLINOIS NETWORKS IN 1962 
Relative Variability (%) 
Storm 
Date Network 
Sr-
Conc.* 
89 
Dep.* 
Sr-
Conc.* 
90 
Storm 
Rainfall 
Mean 
Rainfall 
Depth (in.) 
7/2-3 K** 8 12 18 15 17 3.59 
7/2-3 B 14 14 13 14 6 3.84 
7/11 K 26 33 14 25 12 0.74 
7/14-15  K      11     23    12     26     13        1.95 
8/5 K 
K+B 
14 
15 
19 
20 
20 
15 
21 
20 
10 
12 
1.52 
Average 2.33 
Median K+B 14 19 14 21 12 1.95 
7/2-3 E 16 14 20 17 11 1.77 
7/13 E 20 16 25 23 13 1.61 
7/22 E 23 31 14 29 23 0.82 
8 / 2 4    E      23     29    24     20      21       0.80 
10/1-2 E 
E 
20 
20 
28 
28 
12 
19 
13 
20 
12 
16 
0.33 
Average 1.07 
Median E 20 28 20 20 13 0.82 
* = Conc. - Concentration, Dep. - Deposition 
** = K - Kaskaskia, B - Boneyard, 
E - East Central Illinois 
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TABLE 14 
AVERAGE RELATIVE VARIABILITY OP GROSS BETA IN 1962 
STORMS ON KASKASKIA AND BONEYARD NETWORKS 
Average Relative Number 
Variability (%) of Storms 
Beta Concentration 25 15 
Beta Deposition                    25                      15
Storm Rainfall 14 15 
indicates that the relative variability can be quite large in these 
storms. Combining all storms, the relative variability of the 
total storm rainfall was somewhat less than that of strontium con-
centration and deposition on the 400 square mile network, and as 
with the other networks, this trend did not apply to all storms 
but to the majority. In general, the relative variability of 
strontium and storm rainfall was somewhat greater on the larger 
network (East Central Illinois) as expected. 
In summary, the above findings support those presented in the 
first progress report that were based upon gross beta analyses and 
incomplete analyses of strontium data for 1962. On the average, 
the relative variability of both individual isotopes and gross beta 
exceed the rainfall relative variability. Beta shows greater var-
iability than the individual isotopes, and the variability of all 
factors increases with area, as expected. The greater spatial 
variability of the radioactive rainout in comparison with storm 
rainfall indicates that rainfall exerts only partial control on 
the radioactive rainout pattern. The surface rainout is undoubtedly 
related to the drop size distribution of cloud droplets, and this 
distribution should be highly variable in convective storms, such 
as analysed in this study. A much larger sample is needed to de-
fine the variability relationships accurately; data collected in 
1963 that is now under analysis should aid considerably in defin-
ing the relationships. 
Age of Debris in 1962 Storms 
The age of debris in 1962 storms, as indicated by ratios of 
Sr-89 and Sr-90, is summarized in Table 15 for eight storms. This 
table shows the average age on the sampling networks, the range of 
age values on each network, the relative variability of the debris 
age in each storm, the maximum variability as measured by the ratio 
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of the maximum to minimum value on the network, and average net-
work rainfall. The debris analysis was made to determine whether 
a relationship exists between rainfall and age of debris in con-
vective storms. Deep vertical development of convective storms 
favors the production of heavy rainfall. If the more deeply de-
veloped storms substantially penetrate the stratospheric reservoir 
of radioactive debris, then a relationship might exist between 
debris age and rainfall magnitude. 
TABLE 15 
AGE OP DEBRIS IN 1962 STORMS 
Number Age (Days) 
Storm of Date Network Samples Average Range 
7/2-3 E 6 227 221-230 
7/2-3 B 5 228 205-254 
7/2-3 K 5 240 221-254 
7/11 K 5 108 82-122 
7/11 E 3 130 108-142 
7/13 E 10 154 129-176 
7/14-15 K 5 104 91-113 7/22 E 9 237 205-270 
7/22 B 4 282 212-419 
8/5 K 5 193 171-230 
8/24 E 9 229 192-291 
10/1-2 E 10 166 140-186 
Number Relative Maximum 
Storm of Variability Variability Rainfall 
Date Network 
E 
Samples 
6 
(percent) 
11 
Ratio (in.) 
7/2-3 1.04 1.77 
7/2-3 B 5 16 1.24 3*84 
7/2-3 K 5 7 1.15 3.59 
7/11 K 5 10 1.49 0.74 
7/11 E 3 —-             ----           ----
7/13 E 10 9 2.26 1.61 
7/14-15 K 5 5 1.24 1.95 7/22 E 9 14 1.32 0.82 7/22 B 4 __ 1.98 ----
8/5 K 5 17 1.35 1.52 
8/24 E 9 19 1.52 0.80 
10/1-2 E 10 10 1.33 0.33 
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The average relative variability for the Kaskaskia and 
Boneyard networks, based upon five storms, was 11 percent com-
pared with 13 percent for five storms on the East Central Illinois 
network. Comparing these variabilities with the data in Table 13, 
it is seen that the age variability is nearly equal to the rain-
fall variability in these same storms, and considerably less than 
the variability in the concentration and deposition of Sr-89 and 
Sr-90. The maximum variability shows values ranging from 1.04 to 
2.26 on the East Central Illinois network, and from 1.15 to 1.98 
on the small networks. 
Table 15 indicates that no strong relationship exists between 
the average age of the radioactive debris and rainstorm magnitude, 
as measured by the average network rainfall. A similar conclusion 
is reached regarding the debris variability and the network mean 
rainfall. Graphical plots of age against storm rainfall at in-
dividual stations in the various storms led to a similar conclu-
sion, that is, the point-to-point correlation between storm rain-
fall and debris age is weak. Also, comparisons of the areal 
patterns of debris age and storm rainfall were made. Results 
were inconclusive; in some storms highs and lows in the patterns 
were in close proximity, and in other storms the association was 
poor. In general, it appears that a strong correlation does not 
exist between the patterns of rainfall and debris age. 
Correlation Between Strontium Rainout and Rainfall Factors 
Correlation coefficients were calculated between the concen-
tration and deposition of Sr-89 and Sr-90 and three rainfall fac-
tors, rainfall volume, rainfall duration, and average rainfall 
rate. These correlations were made for five storms in 1962 in 
which nine or more storm samples were obtained on the networks. 
Results were similar to those obtained with the 1962 beta corre-
lations discussed in the first progress report. In general, 
relatively poor correlation was found between the strontium depo-
sition and concentration and the three rainfall factors. The 
highest correlations were found with rainfall volume and the 
correlation tended to be somewhat better with strontium depo-
sition than with concentration, as shown in Table 16. Thus, it 
appears that rainfall at a given point cannot be used as an ac-
curate and reliable predictor of storm radioactive rainout at 
the same point. This conclusion is given further support by 
correlation coefficients obtained between beta concentration and 
the three rainfall factors in six storms in 1962 and 18 storms 
in 1963. Nine of the 18 storms used in the 1963 correlation were 
on the East Central Illinois network, and the other nine storms 
were on the larger time sampler network (Fig. 1). Again, rainfall 
volume correlated best in these 24. storms, and a median value of 
-0.36 was obtained for the 24 correlation coefficients. Coeffi-
cients ranged from 0.58 through zero to -0.82. Areal relationships 
between radioactive rainout and rainfall will be discussed later. 
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TABLE 16 
CORRELATION COEFFICIENTS BETWEEN STRONTIUM CONCENTRATION, 
DEPOSITION, AND RAINFALL VOLUME 
Correlation Coefficient with Rainfall Volume 
Storm 
Date Sr -89 Conc. Sr-89 Dep. Sr-90 Conc. Sr- 90 Dep. 
7/2-3 0.02 0.82 0.28 0.87 
7/13 -0.49 0.34 -0.67 -0.22 
7/22 -0.41 0.58 -0.23 0.71 
8/24 0.02 0.31 -0.53 0.12 
10/1-2 0.40 0.65 -0.09 0.11 
Next, comparisons were made between the areal patterns of 
strontium rainout and storm rainfall in 1962 storms. Nine storms 
were available for this purpose. It is quite possible for point-
to-point correlations to be poor, whereas areal patterns may show 
considerable similarity. For example, high and low regions in the 
patterns would be displaced from each other if the greatest con-
centration of radioactivity tended to occur near the edge of con-
vective cells, instead of near the center. 
When the pattern comparisons were made, results were incon-
clusive although the strontium patterns frequently showed a defin-
ite relationship with respect to highs and lows. Thus, the pattern 
of Sr-89 concentration showed regions of relatively high concentra-
tion in close proximity to similar high regions in the storm rain-
fall pattern in three storms and fair association in another storm. 
However, an inverse relationship was also noted in four other 
storms, that is, highs in the Sr-89 concentration pattern corres-
ponded to lows in the network rainfall pattern and vice versa. 
Excellent correspondence was found between the patterns of Sr-90 
concentration and storm rainfall in seven of the nine storms, but 
again both direct and inverse relationships were indicated. With 
Sr-90 concentration, direct relations were indicated in five 
storms, and inverse relations in two storms. It appears likely 
that the inverse relation occurs when the entire storm mass is 
subjected to an approximately uniform distribution of radioactiv-
ity during its life, so that in the heavier rainfall regions the 
particulate concentration is relatively light, whereas in the 
light rainfall regions the reverse occurs. When the concentra-
tion of radioactive debris peaks in the vicinity of a heavy rain-
fall region, it is likely that the convective system has developed 
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to a considerably higher level in that region and has penetrated 
a stratospheric laver of relatively heavy radioactivity. As 
pointed out in a preceding section, this condition is most likely 
to occur with the initial stratospheric penetration in the early 
stages of development of a convective system. Regardless of the 
cause, the dilution effect in the heavier rainfall areas is more 
than offset by access to a heavier concentration. 
The patterns of deposition of both Sr-89 and Sr-90 indicated 
a close correspondence in patterns in most of the nine storms. 
In eight of the nine storms, highs and lows in the deposition 
patterns were found to occur quite close to similar highs and 
lows in the storm rainfall pattern, and in each case the rela-
tionship was direct. 
Prom the foregoing discussion of the 1962 strontium patterns, 
it is concluded that, with allowance for reasonable spatial dis-
placement, the areal patterns of strontium deposition and storm 
rainfall are generally similar. The strontium concentration pat-
tern is dictated more by developments in the convective cloud 
system, and does not show a consistent pattern relationship with 
storm rainfall, although there is a tendency for an inverse rela-
tionship between patterns. In the cases studied to date, the 
spatial displacement of the radioactivity centers from the storm  
rainfall centers was not consistent with respect to direction or 
distance. It is probably related to both the direction and speed 
of movement of the convective cells Involved in the rainfall. 
This displacement is a subject for future study. 
The above conclusions are based upon a very small sample and 
should be verified with more data. When completed, the 1963 data 
should do much to establish the existence and reliability of the 
pattern relationships. 
Strontium Concentration and Debris Age Vs. 
Meteorological Parameters 
Table 17 shows comparisons between strontium concentration, 
debris age, tropopause height, average and maximum cloud tops in 
the network region as indicated by radar, and the approximate 
distance of the jet stream from the sampling networks. The con-
centrations and ages for the eight storms are averages for all 
observations on all networks combined, and represent a mean for 
east-central Illinois. 
Examination of the data in Table 17 does not indicate a strong 
correlation between strontium concentration and debris age with any 
particular meteorological parameter listed in the table. These 
data do not support the findings of Kruger and Hosier (1963) that 
the concentration of radioactivity increases with proximity to the 
jet stream. However, the Illinois sample is small and more data 
may alter the indications of Table 17. 
TABLE 17 
STRONTIUM CONCENTRATION AND DEBRIS AGE VS. 
METEOROLOGICAL PARAMETERS IN 1962 
Storm 
Date 
Concen t ra t ion 
Sr-89 Sr-90 
35 5.2 
D e b r i s 
Age 
( d a y s ) 
232 
T ropopause 
( f t ) 
7/2-3 48 ,000 
7 / 1 1  243 7.1 116 47 ,000 
7 / 1 3 130 6.3 154 47 ,000 
7 / 1 4 - 1 5 283 6.9 104 5 0 , 0 0 0 
7 /22 77 12.6 251 4 0 , 0 0 0 
8 / 5 47 4.1 193 4 7 , 0 0 0 
8 /24 29 4.1 229 14.8,000 
1 0 / 1 - 2 216 12.3 166 3 5 , 0 0 0 
Storm 
Date 
Average 
Cloud Tops 
( f t ) 
Maximum 
Cloud Tops 
( f t ) 
J e t S t r e a m 
D i s t a n c e 
(mi) 
7 / 2 - 3 30 ,000 45 ,000 275 
7 / 1 1  3 5 , 0 0 0 45 ,000 275 
7 / 1 3 35 ,000 55 ,000 275 
7/14-15 2 7 , 0 0 0 47 ,000 400 
7 / 2 2 35 ,ooo 5 3 ,000 125 
8 / 5 4 0 , 0 0 0 50 ,000 0 
8 / 2 4 3 0 , 0 0 0 38 ,000 300 
1 0 / 1 - 2 2 0 , 0 0 0 30 ,000 125 
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1963 STRONTIUM ANALYSES 
As mentioned earlier in this report, radiochemical analyses 
of only 85 of the 400 strontium samples had been completed when 
preparation of this report was started. These 85 samples were 
obtained in the storms of April 17, April 19, and April 22, when 
Project Springfield was in operation. The samples were taken 
primarily for use in the analyses of the Springfield data. No 
RHI radar data are available for these days, since maintenance 
started on the TPS-10 in early spring had not been completed at 
that time. However, CPS-9 data are available, and include some 
RHI data obtained with the antenna tilt program. No detailed 
analyses of meteorological data on these dates have been at-
tempted, since it is understood that Professor Danielson is 
undertaking a detailed study of the data. 
The April radiochemical analyses have been used for compari-
son with beta analyses on the same dates and have provided some 
interesting results. In general, the same trends were observed 
with the individual radionuclides as with the beta data. The 
similarity in trends is illustrated in Figure 10 which shows a 
graphical plot of strontium-90 concentration against gross beta 
concentration for total storm samples on the three storm dates. 
Figure 11 shows a plot of time samples of strontium-90 and gross 
beta at three stations on April 22. Only light scattered rain-
fall in the form of thunderstorms occurred on the network, so 
that few time samples were obtained. Figure 11 indicates a rel-
atively strong relationship between gross beta and strontium con-
centration in the few samples on April 22. 
The subcontractor furnished rather complete analyses of Ce-144 
for the samples on April 22, in addition to the Sr-89 and Sr-90 
analyses. The time distribution pattern of these three radionuclides 
are shown at Station N in Figure 12, along with the gross beta dis-
tribution. The patterns are strikingly similar. 
The data for the three April storms are not sufficient to reach 
reliable conclusions. However, if the observed trends continue to 
occur in future analyses, it would appear that beta data provide a 
relatively inexpensive source of data to conduct studies on the at-
mospheric processes involved in the rainout of radioactivity. With 
the nuclear test ban treaty in force, the beta decay problem is 
less acute also, and makes this data more useful in meteorological 
analyses. 
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FIG.12 TIME DISTRIBUTION PATTERNS OF RADIOACTIVITY 
CONCENTRATIONS AT STATION N ON APRIL 22 , 
1963 
FIG.10 COMPARISON OF TOTAL STORM 
CONCENTRATION IN THREE 
APRIL STORMS 
FI6.II COMPARISON OF TIME 
SAMPLE CONCENTRATION 
ON APRIL 22 , 1963 
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RELATIONS BETWEEN BETA ACTIVITY AND RAINFALL IN 1963 
Data from the time sampler network of approximately 6000 
square miles and the East Central Illinois network of 400 square 
miles (Fig. 1) were used to investigate the relationships between 
gross beta concentration and deposition and storm rainfall factors. 
This investigation was a continuance and expansion of the analyses 
performed on 1962 data. 
Point Relations 
Correlation coefficients were calculated for total storm 
periods between concentration and deposition of gross beta and 
storm rainfall volume, rainfall duration, and average rainfall 
rate. This analysis was performed for nine storms on each net-
work. The results are summarized in Table 18 in which median 
values of the correlation coefficient are given for the 9-storm 
sample in each network. 
TABLE 18 
CORRELATION COEFFICIENTS BETWEEN GROSS BETA AND RAINFALL FACTORS 
Correlation with Beta Concentration 
Rainfall Rainfall Rainfall 
Network 
Central Illinois 
Volume 
-0.63 
Duration 
-0.40 
Rate 
East -0.24 
Time Sampler -0.39 -0.24 -0.29 
Correlation with Beta Depo sition 
Rainfall Rainfall Rainfall 
Central Illinois 
Volume 
0.64 
Duration 
0.41 
Rate 
East 0.26 
Time Sampler 0.70 0.31 0.48 
The summarized results of the correlation analyses in Table 18 
indicate a general trend for gross beta concentration to decrease 
with increasing rainfall volume, duration, and rate. Gross beta 
deposition shows a general trend to increase with the three rain-
fall factors. The strongest correlation is found with storm rainfall 
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volume, as expected, since it incorporates the influences of both 
duration and rate. 
The correlation coefficients are not outstanding in any case. 
For example, the highest median coefficient of 0.70 between rain-
fall volume and deposition on the time sampler network indicates 
that only about 49 percent of the variance in beta deposition is 
explained by the variation in storm rainfall amounts. Furthermore, 
in most of the various categories presented in Table 18 the cor-
relation coefficient had a wide range from positive to negative 
values among the nine storms. For example, the correlation co-
efficient between beta concentration and rainfall volume varied 
from 0.58 through zero to -0.77 on the East Central Illinois net-
work. However, the deposition trend was much more stable since 
only one negative coefficient resulted from the correlations be-
tween rainfall volume and beta deposition on the East Central 
Illinois network and all coefficients were positive on the larger 
time sampler network. With duration and rate, considerable fluc-
tuation from negative to positive coefficients occurred with both 
concentration and deposition. 
Figure 13 shows typical graphical plots of total storm rain-
fall amount against mean beta concentration in eight storms. All 
available data from the rainwater sampling network were used in 
the plots of Figure 13; however, only the East Central Illinois 
network of 400 square miles was in operation during the August 
storms. The eight storms were selected to illustrate typical 
correlations between radioactive rainout and rainfall volume at 
a group of points in a relatively small area in the same convec-
tive storm. In some storms, such as those of June 10, July 1, and 
August 28, there was a pronounced trend for the beta concentration 
to vary inversely with rainfall amount. Correlation coefficients 
of -0.82, -0.76, and -0.77, respectively, were obtained in these 
three storms. In other storms shown in Figure 13, however, the 
inverse trend was relatively weak, and in the storm of August 6, 
the trend was reversed to produce a correlation coefficient of 
0.58. Several investigators, employing storm-to-storm data at a 
single point, have noted an inverse correlation between specific 
radioactivity and rainfall amount. The results of the Illinois 
study, employing multiple sampling points within the same storm, 
lead to the conclusion that an inverse correlation usually pre-
vails from point-to-point in convective storms, but the correla-
tion is often weak, and occasionally, the correlation is positive 
rather than negative. 
The correlation coefficients between gross beta and storm 
rainfall volume in 1963 storms were somewhat better than found 
between strontium and rainfall in five 1962 storms, discussed in 
a previous section. This difference may be largely the result of 
sampling vagaries, and the 1963 strontium analyses should clarify 
the situation. The general conclusion at this stage in the study 
FIG.13 RELATION BETWEEN GROSS BETA CONCENTRATION AND STORM RAINFALL IN SELECTED 1963 STORMS 
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must be that neither the concentration nor the deposition of radio-
activity can be predicted consistently or accurately at a given 
point from the rainfall characteristics at that point. 
An effort was made to determine whether the point-to-point 
correlation between radioactivity and rainfall would improve if 
time sample data instead of total storm data were used. The rain-
water time samples in most 1963 storms contained 0.04 to 0.06 inch, 
and up to 12 samples were obtained at stations in the time sampler 
network. 
For each of 20 storms in which a large number of time samples 
were obtained within the network, graphical plots were made in 
which gross beta concentration was related to rainfall rate. The 
scatter of points in most storms was relatively great, and indi-
cated a low degree of correlation. For example, in the storm of 
June 10, a total of 60 time samples was obtained from 12 stations, 
and the correlation coefficient was -0.35 between beta concentra-
tion and rainfall rate for the 60 samples. Since the graphical 
plots indicated this storm provided one of the better relation-
ships among the 20 storms investigated, no further mathematical 
calculations were made. In the 20 storms, the trend found most 
frequently was for the beta concentration to decrease with rain-
fall rate, but the opposite tendency occurred in several storms, 
as would be expected from the findings presented in the section 
on beta distribution characteristics. Also, strong mathematical 
correlations should not be expected in view of findings (1) that 
the beta distribution type may vary among stations within a small 
area in the same storm, and (2) that a lag exists between the 
peaks and valleys in the beta and rainfall rate distribution pat-
terns at a given point. 
Areal Pattern Relations 
Following the procedure used in the first progress report 
and discussed previously in conjunction with the 1962 strontium 
analyses in this report, a comparison was made of the network 
patterns of beta concentration and deposition and total storm 
rainfall in 1963 storms. The nine storms analysed on the East 
Central Illinois network were used for this purpose. 
These areal comparisons revealed a relatively strong associ-
ation between the areal patterns of beta deposition and storm 
rainfall in seven of the nine storms, with respect to the loca-
tion of highs and lows in the patterns. Allowance was made for 
displacement of the high and low centers from each other, since 
displacement might occur with such factors as storm movement and 
raindrop fall velocity, but in no case did the spatial displace-
ment exceed six miles, when the association was rated strong. In 
all cases, high beta deposition tended to be associated with high 
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rainfall volume, and vice versa. The areal patterns of beta con-
centration and storm rainfall did not compare as favorably as the 
patterns of deposition and rainfall. The association of patterns 
was relatively strong in six of the nine storms, but, similar to 
the findings with the 1962 strontium data, the high and low associ-
ation was not consistent. High beta concentration occurred in low 
rainfall regions in five of the six cases, whereas, in the other 
ease, the association was strong but high beta concentration was ' 
associated with high rainfall values. As a result of the inves-
tigation on beta distribution characteristics discussed earlier, 
this reversal in trend in some storms is to be expected, but, of 
course, limits the usefulness of surface rainfall observations in 
evaluating storm rainout of radioactivity. 
An example of pattern associations is illustrated in Figure 14 
for the storm of July 1 on the East Central Illinois network. Rel-
atively high beta concentrations in the northern and southeastern 
parts of the network correspond with relatively light rainfall in 
these regions. A region of relatively light beta concentration 
extends from the eastern to the southern part of the network, but 
is displaced about three miles east of the corresponding rainfall 
high in the south central part of the network. Similarly, gener-
ally close association is indicated between regions of highs and 
lows in the beta deposition and rainfall patterns, although the 
high centers are displaced from each other by several miles. 
The results of the 1963 beta pattern study compare favorably 
with those reported in nine storms in 1962 on the small Kaskaskia 
and Boneyard networks, in which six of the nine storms showed a 
relatively strong association between beta and storm rainfall pat-
terns (Huff. 1963). Also, results compare favorably with those 
obtained with strontium patterns, discussed in a previous section 
of this report. 
Network Relative Variability 
Calculations were made of the network relative variability of 
gross beta and storm rainfall on the East Central Illinois network 
of 400 square miles in 1963 storms. Nine storms in which total 
storm rainwater samples were obtained at nine or more stations on 
the network were used in the calculations. Relative variability 
was determined by the method of Conrad (1950) discussed earlier. 
Results are summarized in Table 19 in which median values for 
the 9-storm sample are shown for beta concentration, beta deposition, 
and storm rainfall volume. Table 19 also shows data abstracted from 
the first progress report for 15 storms on the small Boneyard and 
Kaskaskia networks (10 and 12 square miles). 
FIG.14 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL IN EAST CENTRAL ILLINOIS NETWORK ON 
JULY 1, 1963 
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Individual values of relative variability in 1963 storms 
ranged from 16 to 47 percent for beta concentration,. 16 to 63 
percent for beta deposition, and 11 to 54 percent for storm rain-
fall. Both sets of data in Table 19 indicate a trend for the beta 
variability to exceed the storm rainfall variability, and stress 
the magnitude of the spatial variability of radioactive rainout 
that may occur in convective storms. 
TABLE 19 
RELATIVE VARIABILITY OP BETA ACTIVITY AND STORM RAINFALL 
Beta Beta Storm Number of 
Network  Conc. Dep. Rainfall Storms 
East Central Illinois 26 33 24 9 
Kaskaskia - Boneyard 23 20 12 15 
Point Sample Representativeness 
As pointed out in the first progress report, knowledge of the 
accuracy with which a point radioactivity measurement represents 
the mean storm fallout for areas of various sizes has application 
in investigations aimed toward defining the atmospheric processes 
that control radioactive rainout and is useful in the design of 
sampling networks for health hazard monitoring. Following the 
procedure used with the Kaskaskia and Boneyard data in 19o2 storms, 
the areal representativeness of a central sampling point in the 
measurement of average areal radioactive rainout was calculated in 
nine 1963 storms on the East Central Illinois network. In this 
calculation, the deviation of the central gage value from the areal 
mean, as determined from the average of all network samples, was 
expressed as a percentage of the areal mean. It was assumed that 
the network average represented accurate estimates of the true area 
average, and the central gage differences were considered sampling 
errors. 
Results of these calculations for the nine storms are sum-
marized in Table 20. Sampling errors are shown for beta concen-
tration, beta deposition, and storm rainfall. Storm rainfall was 
included as a guide in evaluating the magnitude of the beta sam-
pling error, since much more Information is available on the mag-
nitude of rainfall sampling errors with respect to storm volume, 
storm type, size of sampling area, etc. (Huff and Neill, 1957). 
Table 20 shows an average sampling error of 30 percent for 
the central sampling point measurement of beta concentration in 
the 9-storm sample on the 400 square mile network. Similarly, 
average errors for beta deposition and storm rainfall volume were 
39 percent and 23 percent, respectively. Thus, the sampling error 
was appreciably greater for beta concentration and deposition than 
for storm rainfall. This finding is in agreement with those found 
in the study of spatial relative variability, discussed earlier in 
this report. 
TABLE 20 
SINGLE POINT SAMPLING ERRORS ON EAST 
CENTRAL ILLINOIS NETWORK IN 1963 
Point Sampling Error, Percent 
Storm 
Date 
Beta 
Concentration 
Beta 
Deposition 
Storm 
Rainfall 
7/1 
7/6 
25 23 
19 
51 
18 
7/13 0 31 28 
7/20 
7/31 
35 
25 
21 
14 
13 
54 
8/6 33 27 30 
8/19 118 132 9 
8/28 
9/2 
0 
1 
83 
5 
7 
0 
Average 30 39 23 
Median 25 23 18 
Comparison was made of the sampling errors on the 400 square 
mile network with those found on the Boneyard and Kaskaskia net-
works of 10 and 12 square miles in the 1962 study (Huff, 1963). 
Combining these two small networks, an average sampling error of 
23 percent in beta concentration was found for a 15-storm sample. 
Average sampling errors of 22 percent and 9 percent, respectively, 
were found for beta deposition and storm rainfall on the small 
networks. Thus, as expected, the average sampling error was ap-
preciably greater on the larger network, but it was certainly of 
significant proportions on both areas. 
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Huff and Neill (1957) have shown that the average sampling 
error in convective storms decreases with increasing areal mean 
rainfall. They found that when a centrally located raingage is 
used to determine the average depth of rainfall on an area of 
400 square miles, the average and 95 percent sampling errors are 
as follows: 
TABLE 21 
AREAL REPRESENTATIVENESS OP POINT RAINFALL SAMPLES IN 
CONVECTIVE STORMS ON 400 SQUARE MILE AREA 
Areal Mean 
(in.) 
Average 
Sampling Error 
(%) 
95 Percent 
Sampling Error 
(%) 
0.25 40 100 
o.5o 26 65 
1.00 19 44 
2.00 16 34 
In Table 20, the average ratio of the error in beta concen-
tration to that of storm rainfall is 1.3 and a ratio of 1.7 is 
indicated between beta deposition and storm rainfall. If these 
are representative ratios, then the average errors to be expected 
in the measurement of beta concentration and deposition by a single 
sample on an area of 400 square miles can be estimated by multiply-
ing the values in Table 21 by the ratios. These estimates can only 
be considered a rough approximation at this time in view of the 
small number of storms upon which the ratios are based. However, 
data in Tables 20 and 21, along with results on the Boneyard and 
Kaskaskia networks presented in the first progress report, do 
stress the variability in radioactive rainout that is likely to 
occur within small areas In convective rainfall. 
SUMMARY AND CONCLUSIONS 
Beta Distribution Characteristics 
Analyses were made of the characteristics of the gross beta 
distribution in convective storms through the use of time samples 
from 87 points in 29 storms. It was found that the distribution 
pattern of beta concentration through a storm could be grouped into 
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four major and three minor types. The most frequent type (Type A) 
accounted for 45 percent of the cases, and Types A, B, C, and D 
together included approximately 90 percent of the cases. Type A 
is characterized by a relatively high concentration at the start 
of a storm followed by a rapid decrease to a minimum concentration 
when 60 to 80 percent of the rain has occurred, then an increase 
to a secondary maximum near the end of the storm period. 
An investigation was made of the effect of various rainfall 
factors upon the shape of the distribution curves of beta concen-
tration and upon the magnitude of the values along the curves. 
Factors investigated were total storm rainfall, rainfall duration, 
and average rainfall rate for the storm period. Results indicated 
that none of these rainfall factors exerted strong control over 
the characteristics of the beta concentration distribution. 
Comparison of the types of beta distribution with synoptic 
weather types revealed no unique associations, although it was 
found that two of the major beta types (B+D) were biased strongly 
toward occurrences with warm fronts in 1963. 
Rainfall rate was classified according to type of distribu-
tion in storms in the same manner as the gross beta concentration. 
Prom this classification, seven types were obtained, with the most 
frequent type accounting for 43 percent of the cases. Comparisons 
were then made between the gross beta and rainfall rate distribu-
tions, and these comparisons revealed several interesting relations. 
For example, the comparisons revealed a strong tendency for the min-
imum in the beta Type A curve to be associated with a major peak in 
 the rainfall rate curve, but the beta minimum tends to lag the rate 
peak. On the average, the beta minimum was found to occur when 65 
percent of the total storm rain had reached the ground, whereas the 
peak in the rainfall rate curve occurred when approximately 45 per-
cent of the rain had fallen. Rainfall rate Type 1, a single-burst 
storm, occurred most frequently with beta Type A. 
Analyses of the 1963 storms indicated that more than one type 
of beta distribution may occur at various stations in a relatively 
small area within a convective storm system, although a particular 
type of distribution usually dominates. Stage of storm development, 
depth of storm clouds, and, possibly, location of the sampling sta-
tion with respect to a particular RW or TRW in a convective system 
are factors that may affect the distribution characteristics. 
In general, it is concluded that a strong mathematical cor-
relation will not be found consistently at a given point between 
beta concentration and rainfall rate because of the various types 
of beta distribution which prevail in convective storms, and be-
cause of the lag which occurs between peaks and valleys in the beta 
concentration and rainfall rate distribution patterns. However, a 
trend for an inverse relationship will be found, since the most 
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frequent beta distribution (Type A), which accounted for approxi-
mately 45 percent of the occurrences in 1963, tends to minimize 
near the occurrence of a rainfall rate peak, and only one beta 
distribution, Type C, which accounted for 13 percent of the 1963 
cases, frequently has a major peak near the major peak in the 
rainfall rate distribution. In Type C storms, a positive instead 
of an inverse correlation occurs. 
Beta Concentration at Start and End of Storms 
A strong trend was found for relatively high beta concentra-
tion at the start of 1963 storms and a lesser trend for an increase 
in concentration at the end of storms. In a study of 73 sets of 
time samples, a median of 1.8 was found for the ratio of the first 
to the second time sample in a storm. A median ratio of 1.2 was 
found between the last and next-to-last samples. The data were 
grouped by storm rainfall amount, duration, and average rate. 
This grouping revealed a trend for the ratio of initial beta con-
centration to the storm mean concentration to increase with in-
creasing storm rainfall amount, but this trend was not found for 
the ratio of the last concentration to the mean concentration. 
No strong association was found between the ratios and synoptic 
weather type. 
Analyses were performed to determine whether the trend for 
relatively high beta concentrations at the beginning of storm 
periods prevailed with individual bursts or showers occurring 
within a storm period comprised of two or more bursts. If not, 
it could be assumed to be a boundary condition, and determination 
of its cause would be simplified. Results of this analysis in-
dicated a much weaker trend for high initial beta concentrations 
at the start of bursts within a storm system than at the forward 
edge of the storm system. A median ratio of 1.2 was found for the 
ratio of the first to the second time sample with the inner storm 
bursts, compared to 1.8 with the initial storm burst in the series. 
Thus, it appears that the high initial ratios are primarily, but 
not entirely, a border occurrence in convective systems. In turn, 
this indicates the high initial concentration may be closely re-
lated to evaporation from falling raindrops and/or contamination 
of the storm fringes by low-level or surface particulates. 
An analysis was made of the distribution of particulates in 
the 1963 rainwater samples, in an effort to ascertain whether low-
level and surface dirt are entrained into the edges of convective 
systems, particularly the forward edge. This analysis produced 
indirect evidence that the initially high beta concentration is 
partially due to contamination from low-level or surface particu-
lates brought into a storm in the convergence process. 
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1962-1963 Strontium Analyses 
Completion of the analyses of 1962 strontium data was accom-
plished. Results indicate that the areal relative variability of 
strontium concentration and deposition exeeed the storm rainfall 
variability, but the strontium variability is somewhat less than 
occurs with gross beta concentration and deposition. 
In general, in point-to-point comparisons, relatively poor 
correlation was found between strontium deposition and concentra-
tion and three rainfall factors, total storm rainfall, rainfall 
duration, and average rainfall rate. The trend for low correla-
tions, of course, would be expected in view of the findings in 
conjunction with the study of the distribution of beta concen-
trati on. 
Prom a study of network patterns in 1962 storms, it was con-
cluded that, with allowance for reasonable spatial displacement, 
the areal patterns of strontium deposition and storm rainfall are 
generally similar. The strontium concentration pattern is dictated 
more by developments in the convective cloud system, and does not 
show a consistent pattern relationship with storm rainfall, al-
though there is a tendency for an inverse relationship between 
patterns. 
Very limited analyses of 1963 strontium data have been made, 
since only 85 of the 400 samples shipped to Isotopes, Inc., for 
radiochemical analyses have been returned to date. A satisfactory 
relationship has been indicated between the strontium and gross 
beta rainout as a result of the limited analyses. If the observed 
trends continue to occur in future analyses, it appears that beta 
data can be used to provide an inexpensive source of data for 
radioactive rainout studies. 
1963 Beta Analyses 
Analyses of 1963 storms resulted in essentially the same 
conclusions with respect to point and areal correlations of gross 
beta concentration and deposition with rainfall volume, duration, 
and rate, as found with the more limited analyses of 1962 stron-
tium data summarized earlier. Areal relative variability of gross 
beta concentration and deposition were found to increase with size 
of area sampled, and to be greater than the variability of storm 
rainfall on all areas studies in 1962-1963. Tests were made of the 
representativeness of a single point in calculating the average beta 
concentration and deposition on an area of 400 square miles; results 
indicated an average sampling error of 30 percent and 39 percent, 
respectively, for concentration and deposition, based on a 9-storm 
sample. The average sampling error for storm rainfall in the same 
group of storms was 23 percent. 
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RECOMMENDATIONS FOR FUTURE WORK 
1. Efforts should be concentrated on further evaluation of 
the time distribution of radioactivity in 1964 through operation 
of the 16 time samplers within or near to the East Central Illinois 
network of 400 square miles. Experience gained in 1962-1963 indi-
cates that an area of this size is optimum for mesoscale studies of 
radioactive rainout. This area is large enough to sample adequately 
convective cells, most thunderstorms, and significant portions of 
squall lines. Furthermore, the 50 raingages on the network provide 
a very detailed pattern of rainfall in time and space, and restric-
tion of sampling to an area of this size facilitates radar surveil-
lance of storms, and, consequently, leads to more detailed and more 
reliable radar observations for use in subsequent studies. 
2. Efforts should be increased to accomplish mobile sampling 
within air mass storms, and to use the mobile equipment to augment 
network observations in special cases. 
3. Further testing of the aircraft sampler should be made, 
and more attention devoted to collection of rainwater samples 
below cloud bases in widespread spring rains which are favorable 
for such sampling. 
4. All radar sets should be utilized in efforts to track 
raindrops from the tropopause level to the surface sampling sites 
through radar reflectivity measurements, whenever possible. It is 
planned to use the TPS=10 for cloud top measurements, the CPS-9 
for reflectivity measurements at various elevations in the atmos-
phere, and the M-33, 10-cm for surveillance in 1964 studies. The 
10-cm unit of the M-33 was not in operation in 1962-1963. 
5. Studies of the beta distribution patterns and their rela-
tionship to rainfall, rate should be continued to verify and to 
define further the relationships noted in 1963. Further investi-
gation of the causes of the beta distribution characteristics 
should be pursued. 
6. Mesoscale case studies of 1962 storms should be completed, 
along with analyses of the 1963 strontium data. 
7. It is recommended that radiochemical analyses be limited 
to gross beta analyses in 1964. This will substantially reduce 
the costs of the research program, and expedite the analyses that 
have been delayed considerably in the past while awaiting results 
of strontium analyses. Results of analyses of 1962-1963 data 
performed to date indicate the utility of the gross beta data for 
radioactive rainout studies of the type being performed in Illinois, 
and the beta data will be even more useful in 1961; with the rela-
tively long time that has elapsed since the last atmospheric nuclear 
tests. 
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